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CONFERENCE CORNER

October 2017 Update - Garden and City Tours
Nancy Groves1
The excitement for
Fiesta de las Bromelias
grows! Whether prolific
bloomers or 10 year waits,
bromeliads are enchanting, surprising and always heightening our
expectations.
A preview of our conference tours will heighten your expectations! The
Optional Bus Excursion
on Thursday is, a DO NOT
MISS experience, with
garden tours followed by a
catered dinner at the San
Diego Botanic Garden.
In order to optimize the
amount of time at each
garden and avoid traffic, the optional excursion to north San Diego
County destinations is planned for Thursday. The luxury buses will
take you to diverse, wonderful gardens. To build the suspense, I am
not going to tell you the names of the members who are opening their
gardens to you. Suffice it to say they are enchanted gardens. One
garden has thousands of tillandsias, billbergias, and other bromeliads
in a shade house. More bromeliads, succulents and rare fruit trees
grow in the landscape. The owners are perfectionists with a great
knowledge of each plant and how it is best grown.
A second informal garden has an emphasis on terrestrials: hechtias, dyckias, bromelias, puyas and cycads in a meandering seemingly
never-ending landscape. This garden also has a shade area, a koi
pond, chickens, and lots of stories to go with each plant ---- where
it came from or who hybridized it. The stories are as wonderful as
the plants.
WBC Affiliate Host Committee Co-Chair

1
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If we have time, there may be a third garden, which is a beautiful secret garden. Plants are artistically arranged almost as if on a
painter’s palette. Vivid in placement, as well as in color, there are
many unique specimens.
Our final destination, the 42-acre San Diego Botanic Garden (formerly known as Quail Botanical Garden) will wow you with its nearly
3,000 varieties of tropical, subtropical, and California native plants.
This fantastic bus excursion with catered dinner is the San Diego
Bromeliad Society’s welcome to fellow bromeliad lovers. We’ll share
approximately 8-hours together, door-to-door. Welcome to our
wonderful climate in Southern California where we grow bromeliads
outside year-round. The entertainment and information dispensed
is free; however, the buses and food must be paid for, hence the $60
charge for the tour, catered dinner and entrance fee to the San Diego
Botanic Garden. Please sign up for the tour on the BSI website under
Conference Corner, Optional Bus Excursion.
The Saturday tour from Paradise Point Resort to two members’
gardens and Balboa Park is a half-day tour by chartered open-air
trolley-style buses. The two gardens are very different. One is a
beautifully landscaped small backyard retreat of an historic house
in the Mission Hills area of San Diego. The owner is none other
than the San Diego Bromeliad Society president, Scott Sandel, so
of course it is full of specimen bromeliads. The other garden, a few
blocks down the street, is a Spanish Style house and garden, which
is owned by a self-described “plant-a-holic” and is set on a canyon.
Both of these gardens show how one can maintain a lovely garden
while living in the city.

The Botanical Building and Lily Pond in Balboa Park
J. Bromeliad Soc. 66(4). 2017.
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Then we are on our way to the famous Botanical Building and Lily
Pond in Balboa Park, home to more than 2,100 permanent tropical
plant specimens. In 1910, with preparations already underway to
hold an expo to coincide with the opening of the Panama Canal, the
park was named for the Spanish explorer Vasco Núñez de Balboa, the
first European to cross Central America and see the Pacific Ocean.
A number of the buildings built in the Spanish Colonial-revival style
contribute to the present-day look and feel of the park built for the
1915 Panama-California Exposition. And now over 100 years later,
all of the buildings have been refurbished and are still in use.
Join us for the Fiesta de las Bromelias WBC Optional Bus Excursion and the included city gardens tour, which I am sure, will fulfill
your expectations!
¡Hasta luego! in San Diego!
A Note on the Journal
With this issue, we finish Volume 66 of the Journal. I would like to
thank the people who contributed to the Journal over the past four
issues. First, the authors of the articles are thanked for providing
the interesting and informative content. Members of the Scientific
Review Panel (David Benzing, Gregory K. Brown, Eric Gouda, Jason
Grant, Bruce Holst, Pamela Koide-Hyatt, Elton Leme and Walter
Till) were regularly called upon to provide reviews of all submitted
manuscripts having significant scientific contrent. Members of
the Editorial Advisory Board (Graeme Barclay, Marty Folk, Bruce
Holst and Lyn Wegner) helped prepare some of the articles - either
by writing their own articles or editing articles written by others and reviewed all articles as they were being prepared for printing.
Additional reviews were provided by Barbara Partagas and Moyna
Prince - whose help is greatly appreciated. Steve Provost, Andy
Siekkinen and Jay Thurrott also regularly proofread parts of each
issue
Dr. Suzanne Koptur of Florida International University deserves
special mention for her review of a scientific article that fell outside
the area of expertise of any member of the Scientific Review Panel.
Finally, I must again thank all of you who have written articles for
the Journal over the past year.
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GENERAL
A Request: Articles for the Journal
Every garden contains - or should contain - a bromeliad, and every
bromeliad has a story. We would like to put more of those stories in the
Journal of the Bromeliad Society. If you have any interesting stories from
your own garden, please share them with us.
A deep understanding of plants in a scientific sense is not necessary for
an interesting story. An observation can be reported as is (see the article
on Submarine Spiders in this issue). An informal style is fine.
If you would like to spend the time formatting your article to show me
exactly how it should be printed, I would be happy to see the results. Please
understand that I will not be able to simply plug your final layout into the
Journal unless your layout is done using InDesign (a desktop publishing
program) and a template for articles that I provide. Also, please understand
that your article will almost certainly need to be reformatted to fit our page
size, and that may require changes in the position of figures.
It will be much easier for me if - in addition to a finished layout - you
send the text in a separate Microsoft Word file with minimal formatting.
Virtually every word processing program will write files in Word format, so
please make sure you send a file saved in that format. With the modern
Desktop Publishing software, I can format multiple pages of block paragraphs with consistent indentation and space between paragraphs in a few
seconds. You only need to make sure that words needing boldface or italic
fonts are in those fonts when you send your manuscript in, but it is better
to let me take care of all the indenting and spacing. By the way, it does not
matter what font you use in your original file - the font will be automatically
converted when the file is loaded into our template.
The use of photographs to illustrate your article is strongly encouraged. However, not all photographs can be printed. Just remember that
a photo that looks great on your computer screen may not be printable at
a reasonable size. The printer we use for the Journal wants a resolution
of 300 dpi (dots per inch) for all graphics. For a low resolution photo, this
will limit the maximum size the photo can be printed. In general, I prefer to
use photos that can be printed at least 2 inches long and/or wide because
it can be difficult for some readers to see details in smaller images. If you
don’t know how to find the dimensions of a photo file, try to find someone
who can explain the process on your camera or computer. On a computer
running Windows, holding the cursor over a photo file will usually bring
up a small box that lists the dimensions of the image in pixels. The same
information is available in the properties box.
Please try to send photographs in jpg format, and send each image as a
separate file. If you are sending a graphics file, please convert it to jpg also.
I can work with other file types, but the process of preparing your article
for print will be quicker if I don’t have to spend time converting between
different file types. Finally, if any of the photos are not your own, please
let me know who should be credited on each photo and make sure you get
permission to use the photo.
J. Bromeliad Soc. 66(4). 2017.
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One Hundred Million Years of Bromeliad Evolution
Thomas J. Givnish
Western knowledge of bromeliads began little more than 500 years
ago, with the discovery of pineapple on Guadeloupe by Columbus and
his crew on their second voyage in 1493. But recent studies (Givnish
et al. 2011, 2014) show that the history of the family Bromeliaceae
itself began much, much earlier, about one hundred million years
ago, at a time when Argentinosaurus – the largest of all dinosaurs
– stalked the Earth, mammals had already diverged into their five
modern lineages, the earliest bees had just evolved, and presentday families of birds would not begin diverging from each other for
another five million years.
Botanists today recognize Bromeliaceae – with 58 genera and
roughly 3800 species (Luther 2014) – as the largest of the 37 families of flowering plants found mostly or exclusively in the New World
Tropics of South America, Central America, and the Caribbean. Bromeliads also include more epiphytic species than any plant family
worldwide except the orchids (Zotz 2013). They range from the mistshrouded tepuis of southern Venezuela to the sun-baked granitic
domes of Brazil, from cloud forests in the Andes and Central America
to the cypress swamps of the southeastern United States, and from
the frigid Andean puna to the arid Atacama desert (Givnish et al.
1997; Benzing 2000). Many species have tanks formed by closely
overlapping leaves that impound rainwater, bear leaf hairs that can
absorb water and mineral nutrients, and are epiphytic; many terrestrial and epiphytic species also possess CAM photosynthesis and
take up CO2 primarily at night (like cacti) to minimize water losses.
Tank bromeliads also house a great diversity of insects – including
a few that adversely affect human health – and other arthropods,
crabs, frogs, salamanders, and snakes.
In a single acre of cloud forest, the tanks of epiphytic bromeliads
can impound thousands of gallons of rainwater and hundreds of
pounds of humus high in the canopy, while providing key sources
of food for many primates and birds. A few tank bromeliads are carnivorous (Givnish et al. 1984, 1997), and at least one benefits from
prey captured by spiders living above the plant (Romero et al. 2006).
Many bromeliads are protected or fed by ants (Benzing 2000; Leroy
et al. 2013; Goncalves et al. 2016). Pollinators include a wide variety
Department of Botany, University of Wisconsin-Madison, Madison, WI 53706
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of insects, as well as hummingbirds, bats, and a few perching birds
(Benzing 2000). In many cases, the whole plant becomes a showy
display at flowering time to attract pollinators. The inflorescences of
Puya raimondii from the Andean puna are the most massive of any
flowering plant, while those of some dwarf Brocchinia and Tillandsia can be much less than an inch tall. Some species have fleshy
fruits dispersed by birds or, occasionally, mammals, while others
are wind-dispersed. Finally, bromeliads contribute a large share of
the total number of species of epiphytes in Neotropical forests, and
are especially diverse at mid elevations (Zotz 2013).
Early attempts to understand bromeliad evolution – where and
when they arose, how they are related to each other, what was their
pattern of geographic spread, what key traits were fundamental to
their spread and ecological success, and why are they so diverse –
were stymied by three fundamental problems. First, bromeliads are
remarkably isolated in form from other monocots, making it difficult
to infer from morphology which groups are their closest relatives.
Second, extensive evolutionary convergence appears to have occurred
among bromeliads, confounding efforts to infer relationships within
the family based on morphological characters. Finally, across bromeliads, rates of DNA evolution are exceptionally slow, providing little
information with which to infer relationships based on shared DNA
mutations from the sequences of only one or a few genes.
To overcome these problems and reach decisive conclusions
regarding bromeliad evolution, nearly a decade ago I assembled an
international consortium of labs to sequence eight different regions
of chloroplast DNA in 90 species of bromeliads representing almost
all genera within the family. Within each leaf cell, there are dozens
to hundreds of chloroplasts, the green organelles that conduct photosynthesis, and within each chloroplast there are dozens to hundreds
of circles of chloroplast DNA, which replicate as leaves grow, and are
passed clonally – with occasional mutations – to succeeding generations, first within species and then ultimately to daughter species
derived from ancestral forms. Sequencing large numbers of chloroplast genes – or better, of the non-protein-coding introns within such
genes or the spacers between them, which are not under selection
and thus evolve at high rates – can provide a powerful tool for inferring relationships among plants based on hundreds of mutations.
Early studies (e.g., Gaut et al. 1992; Clark et al. 1993) showed that
bromeliads have very low rates of chloroplast DNA evolution, so we
J. Bromeliad Soc. 66(4). 2017.
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decided to sequence eight fast evolving genes, introns, and spacers
in order to analyze relationships among bromeliads, leading to two
key publications (Givnish et al. 2011, 2014).
Research over the past decade – culminating in a recent analysis
based on DNA sequences of 81 genes from the chloroplast genome,
obtained by another research group I led (Givnish et al. 2010) –
places the bromeliads in the monocot order Poales. Our data place
bromeliads sister to all other families of Poales, with cattails and
bur-reeds being sister to all the other families, and then the mostly
Neotropical family Rapateaceae sister to the three remaining groups,
consisting of the sedges and their allies, the yellow-eyed grasses and
their relatives, and the grasses and closely related families. The order
Poales, in turn, is sister to two orders composed of the dayflowers
and their relatives plus the gingers, bananas, and their relatives,
and more distantly related to the palms and the odd woody family
Dasypogonaceae from Australia.
For more than a century, botanists divided bromeliads themselves
into three subfamilies based on seed morphology: Pitcairnioideae with
winged seeds, Tillandsioideae with plumose seeds, and Bromelioideae
with wingless seeds in fleshy fruits (Mez 1896). To test this classification, our consortium sequenced nearly 10,000 bases of chloroplast
DNA from eight rapidly evolving chloroplast regions for representatives of 46 of 58 genera; those genera encompass more than 98% of
all bromeliad species. We all sit on the shoulders of the giants who
have gone before us, but our studies in 2011 and 2014 went well
beyond any of those in the molecular era of bromeliad systematics
(e.g., Ranker et al. 1990; Clark et al. 1993; Terry et al. 1997; Horres
et al. 2000; Crayn et al. 2004; Givnish et al. 2004, 2007; Barfuss et
al. 2005; Schulte et al. 2009; Jabaily and Sytsma 2010, 2013; Sass
and Specht 2010; Versieux et al. 2012; Krapp et al. 2014; Evans et
al. 2015; Aguirre-Santoro et al. 2016) in two important ways: we
included representatives of all major bromeliad lineages, and we
sequenced eight rapidly evolving plastid loci (stretches of DNA) per
species, not just one to three loci. Greater species sampling, greater
amounts of sequence data per species, and greater average rapidity of sequence evolution gave our studies much greater power and
taxonomic coverage at the family level than any previous analysis.
Our analysis produced a well-resolved, strongly supported family
tree (or phylogeny) for the bromeliads, with eight major branches,
leading us to recognize eight bromeliad subfamilies rather than three
202
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(Fig 1). Our molecular data support two of the three traditional subfamilies – the plumose-seeded Tillandsioideae and the fleshy-fruited
Bromelioideae – as being monophyletic. That is, each of these two
subfamilies includes all the descendants from the subfamily’s ancestor, and no other species. Tillandsioideae and Bromelioideae thus
each form a natural evolutionary lineage, or clade. By contrast, the
traditional subfamily Pitcairnioideae – marked by winged seeds and
highlighted by the green bar in Fig.1 – is paraphyletic: some of its
ancestor’s descendants, including the tillandsioids and bromelioids,
lie outside the traditional subfamily Pitcairnioideae. Apparently,
winged seeds were ancestral to bromeliads as a whole, so that possession of winged seeds is not a reliable guide to clades within the
bromeliads. The pattern of bromeliad relationships we demonstrated
requires recognition of at least eight subfamilies if each is to be monophyletic, splitting Pitcairnioideae into five subfamilies. Givnish et al.
(2007) provide a key to recognizing the new bromeliad subfamilies.
Calibration of our molecular phylogeny against the age of several
monocot fossils (see next section) place the divergence of bromeliads
from their closest relatives 100 million years ago, and divergence of
the present-day subfamilies from each other roughly 20 million years
ago (Fig. 1). It is extremely unlikely that only a single bromeliad
species was present during the intervening 80 million years. That
huge gap in time instead almost surely represents extinction over
that time of all but one surviving lineage, represented by the single
surviving line running from 100 million years to 20 million years
ago. The 80 million years of divergence from other monocots helps
explain why it has been so difficult to identify the closest relative of
bromeliads, especially given that very short branches deep in time
separate bromeliads from cattails and bur-reeds in order Poales, and
separate the order Poales from the palms, dasypogonids, gingers and
their relatives, and dayflowers and their allies (Givnish et al. 2010;
Barrett et al. 2016). Several bromeliad subfamilies – Lindmanioideae,
Tillandsioideae, Hechtioideae, Navioideae, and the common ancestor
of Pitcairnioideae, Puyoideae, and Bromelioideae – diverged from
each other in a very short period of time, between roughly 17 and
14 million years ago (Fig. 1, below). It is essential to recognize that
the bromeliad subfamilies that originated deep in the bromeliad
family tree (e.g., Brocchinioideae) are not themselves the ancestors
of the remaining bromeliads. Just as humans did not evolve from
present-day apes, but from the common ancestor of humans and
apes, so too present-day bromeliads in different subfamilies or other
J. Bromeliad Soc. 66(4). 2017.
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lineages within the family arose not from brocchinioids but from
their inferred common ancestors, represented by the lines deep in
the bromeliad tree.
204
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Figure 1 (facing page). Family tree of Bromeliaceae based on sequences of eight rapidly evolving
regions of the chloroplast genome, calibrated against time using several monocot fossils from
outside the family (after Givnish et al. 2011). Magenta bars indicate ± 1 SD in the estimated age of
each node. Vertical green bars indicate groups formerly placed within subfamily Pitcairnioideae,
which has now been split into five subfamilies (including a re-circumscribed Pitcairnioideae) in
order to preserve the monophyly of each. The age of the root (stem group) of this tree indicates
when the ancestor of bromeliads diverged from the ancestors of the most closely related monocot groups; the age of the crown group indicates when modern subfamilies began to diverge
from each other.

Quick survey of the bromeliad subfamilies
Brocchinioideae – Broad-scale relationships among bromeliad
subfamilies is ladder-like, with each subfamily sister to a progressively diminished, nested set of all the remaining subfamilies (Fig.
1). The remarkable genus Brocchinia forms the subfamily Brocchinioideae, a small clade of 20 species sister to all other bromeliads.

Figure 2 (above). Adaptive radiation in growth form and mode of nutrient capture in Brocchinia
(reprinted from Givnish et al. 1997). (A) B. hechtioides (carnivore), (B) B. reducta (carnivorous
plant), (C) B. acuminata (ant-fed plant), (D) same, showing loss of swollen leaf bases and adoption
of sprawling, vine-like habit in cloud-forest understories, (E) B. tatei (facultative epiphyte), fallen
from tree with D. H. Benzing as a scale object, (F) B. tatei, growing epiphytically, (G) B. micrantha
(impounding treelet), more than 2.5 m tall, (H) B. micrantha seedling, showing constricted leaf
bases, (I) B. vestita (saxicole, or rock-dweller), ( J) B. cowanii (lower right, saxicole), (K) B. melanacra (fire-adapted bog dweller), (L) B. steyermarkii (native of wet sandy savannas), and (M) B.
prismatica (native of wet sandy savannas). A-H are species with tanks and often have unusual
mechanisms of nutrient capture, involving absorptive leaf trichomes; the others lack tanks and
apparently obtain nutrients entirely or primarily through their roots.
J. Bromeliad Soc. 66(4). 2017.
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Brocchinia is restricted to the Guayana Shield in northern South
America, one of the two ancient cores of the continent, and is nearly
restricted to extremely nutrient-poor sands and sandstones atop the
tepuis and adjacent sandplains. In response to the extreme nutrient
poverty in these areas, Brocchinia has undergone an adaptive radiation in mechanisms of nutrient capture unparalleled at the generic
level in angiosperms, including carnivores, ant-fed myrmecophytes,
tank epiphytes, and nitrogen-fixers (assisted by cyanobacteria), in
addition to terrestrial rooted species ranging from tiny lithophytes
growing on exposed rocks to gigantic tree-like forms (Givnish et al.
1997; Fig. 2). Brocchinia thus has evolved all of the nutrient-capture
mechanisms as the remaining 3800 species of bromeliads, except for
the extreme atmospheric habit found in some Tillandsia species. The
latter may not have evolved in Brocchinia because its trichomes die
if desiccated, while those of Tillandsia have a one-way valve function
that allows their absorptive base to survive repeated drought cycles.
The tepuis, cut off from the surrounding tropical lowland forests
by soaring cliffs of ancient Roraima sandstone, were long a mystery
to biologists, leading Sir Arthur Conan Doyle to pen his famous novel
“The Lost World” in 1912, envisioning a plateau isolated from time
and inhabited by dinosaurs. Alas, there are no T. rex atop the tepuis
… but there are many plants and animals found nowhere else on
Earth! These include many genera of such families as Rapateaceae,
Xyridaceae, and Eriocaulaceae, all closely related to bromeliads.
The flora includes a remarkable number of terrestrial orchids and
carnivorous plants, including the sunpitcher Heliamphora and large
numbers of sundews and bladderworts. The soils atop the tepuis are
extremely infertile, derived from Roraima sandstone (itself formed
from marine sands) and heavily leached by the extremely rainy, humid conditions atop the tepuis. There are over 50 such sandstone
table mountains in southern Venezuela and adjacent countries, and
most tepuis exceed 2000 m in elevation.
The two carnivorous species of Brocchinia (B. hechtioides, B. reducta) have steeply inclined yellow leaves that form a vertical cylinder,
coated on the inside with a fine waxy dust that readily exfoliates and
tumbles unwary ants, bees, or wasps into the tank, which is highly
acid and full of their remains. The tank fluid emits a sweet, nectarlike odor that presumably serves, with the bright yellow leaf color, to
attract prey. Field experiments with radioisotopes conducted with
colleague David Benzing showed that trichomes on the leaf bases
206
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absorb cations and amino acids at high rates. The carnivorous species of Brocchinia often colonize bare rock or wet or recently burned
sites, where their alternative source of nutrients – especially nitrogen
– should give them a great ecological advantage. The shorter species, B. reducta, appears to attract mainly ants, while the taller B.
hechtioides mainly captures bees and wasps. A similar partitioning
of prey based on plant height occurs in Sarracenia pitcher plants
of the Atlantic and Gulf Coastal Plains, as demonstrated by Tom
Gibson (Givnish 1989).
Brocchinia acuminata is ant-fed. The ants build their nests
among the inflated, incredibly tough and non-photosynthetic leaf
bases; these constrict further the base to prevent large amounts of
rainwater from flooding the ant nest. The long leaf tips are photosynthetic. This species has unusually large trichomes that absorb
nutrients at high rates. Large air channels connect the non-green leaf
bases to the green leaf tips; I have not yet been able to test the idea
that these channels allow the plants to turbocharge photosynthesis
with ant breath, drawing on the high levels of CO2 produced in the
base of the plant. Interestingly, in shaded habitats, B. acuminata
loses its swollen leaf bases and ants and becomes rather vine-like.
Nitrogen that might be provided by ants is much less likely to limit
photosynthesis under shady conditions, which may account for the
loss of costly swollen leaf bases there.
The palm-like Brocchinia micrantha grows on the slopes of some
of the eastern tepuis. It dominates the spray zone around Kaieteur
Falls in Guyana, one of the most voluminous waterfalls in the world.
The amount of mist during the rainy season is so great that trees
appear to be unable to grow over several acres of fallen talus in the
mist zone below the falls, where they are replaced by this gigantic
bromeliad, which has abundant air channels in its leaves. Inside
the massive leaf axils of many individuals live golden rocket frogs,
Anomoglossa beebii, known nowhere else on Earth. The frogs benefit from the water impounded by Brocchinia micrantha; the benefit
to the plant is as yet unstudied, but might include nutrients provided by frog excrement. Just such an advantage has recently been
documented for a tillandsioid bromeliad, Vriesea bituminosa, with
a resident species of tree frog providing roughly one-quarter of all
the nitrogen in the plant (Romero et al. 2010). Nutrient addition via
excrement has also recently been shown to occur in several Borneo
species of Nepenthes pitcher plants of rain and cloud forests; they
J. Bromeliad Soc. 66(4). 2017.
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impound rainwater in tank-like vessels and serve as latrines (and in
some cases, roosts) visited by tree shrews, bats, and rats (Clarke et
al. 2009; Chin et al. 2010; Grafe et al. 2011; Greenwood et al. 2011;
Schoener et al. 2013). We do not yet know how frequently similar
systems of indirect carnivory, via collection of vertebrate droppings,
occur in bromeliads, but it could well occur in species of Billbergia,
Brocchinia, and Glomeropitcairnia, and is known in Guzmania. More
research is needed on this fascinating topic! Interestingly, Kok et
al. (2015) have just reported that the nocturnal treefrog Tepuihyla
obscura appears to spend much of its daytime hours hiding in the
tanks of carnivorous Brocchinia hechtioides and B. reducta on Chimantá-tepui, strongly suggesting that at least these populations of
Brocchinia may also obtain mineral nutrients from frog droppings.
Brocchinia includes two species of epiphytes; in the early 1980’s
we found one population of B. tatei to host plugs of heterocystous
cyanobacteria (Givnish et al. 1997). Such N-fixing associations have
also been found by Bermudes and Benzing (1991) in several epiphytic
tillandsioids and bromelioids in Venezuela. Recent studies by Goffredi
et al. (2011) and Klann et al. (2016) have shown that a wide range of
aerobic and anaerobic bacteria can break down leaf litter in the tanks
of at least a few tillandsioids and bromelioids. Such decomposition
might enhance the nutrient supply to the hosts themselves, but such
an effect has yet to be studied. Finally, Brocchinia contains several
non-tank species that appear to depend entirely on root uptake of
nutrients; these species have small, sparsely distributed trichomes
on their leaf bases, with little aggregate area for nutrient uptake.
Brocchinia (formerly Ayensua) uaipanensis branches aboveground
and B. steyermarkii spreads rhizomatously.
Lindmanioideae – Lindmanioideae (45 species) is sister to all
bromeliads except Brocchinia. Lindmania and Connellia are terrestrial genera with non-impounding leaves. They are endemic to
the Guayana Shield, like Brocchinia, but they lack Brocchinia’s extraordinary range of nutrient-capture strategies. Lindmanioids are
essentially absent from cultivation, and we have found that they can
take a very long time to reach flowering size. By contrast, Brocchinia
is occasionally cultivated by carnivorous plant enthusiasts; B. micrantha has rarely been used for landscaping in Venezuela.
Tillandsioideae – This subfamily is the largest (1256 species),
including over one-third of all bromeliads, and the one most specialized for the epiphytic habit. Tillandsioideae is sister to all bromeliads
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except brocchinioids and lindmanioids. Most taxa occur on the boles
and branches of trees in cloud forests in the Andes, Central America,
and the Caribbean. The two small genera Catopsis (18 species) and
Glomeropitcairnia (2 species) are sister to each other, and together
are sister to the remaining tillandsioids. Catopsis includes at least
one carnivorous species, and Glomeropitcairnia has the largest tanks
of any bromeliad and supports the only populations of the Trinidad
heart-tongued frog. Many of the remaining tillandsioid genera are
not monophyletic as originally described, a problem that Michael
Barfuss and his colleagues are now working to redress through
detailed molecular phylogenetic studies and generic recircumscriptions. Broadly speaking, however, the core tillandsioids consist of
two tribes: Tillandsieae, including Tillandsia, Racinaea, Viridantha,
and Guzmania, and Vrieseae, including Vriesea, Werauhia, and Alcantarea. Based on Barfuss’ investigations, the atmospheric habit
– the most extreme form of epiphytism, in which water uptake from
rain or mist occurs solely through abundant leaf trichomes – appears
to have arisen many times within Tillandsia, where it occurs in over
300 species. Almost all of these have extremely narrow leaves, which
Martorell and Ezcurra (2007) have experimentally shown maximize
the interception of fog droplets, and tend to occur in the upper
branches of trees in areas with abundant fog. Tillandsioids, together
with bromelioids, are by far the most widely cultivated bromeliads.
Hechtioideae – Drought-adapted, succulent Hechtia (52 species)
bears spiny, often silvery leaves and grows in deserts and semi-arid
habitats in Central America, Mexico, and southern Texas. Hechtia
is sister to all bromeliads except brocchinioids, lindmanioids, and
tillandsioids. Its position is surprising, because it shares several
leaf traits (such as densely packed trichomes and abundant waterstorage tissue) with four genera – Dyckia, Encholirium, Deuterocohnia,
and Puya – that are not all closely related to Hechtia but also occur
in dry areas. While confusing to taxonomists, such convergence
makes great sense to ecologists as evolutionary convergence: leaf
succulence, water storage tissue, CAM photosynthesis, and often
silvery leaves should all be favored by natural selection under dry
sunny conditions and selected against in moister or shadier areas.
Hechtia is grown outdoors occasionally in dry areas by succulent enthusiasts. Hechtia is unusual among bromeliads in being dioecious,
with unisexual male and female flowers borne on different plants.
This breeding system is also known in two bromelioids (Aechmea
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maria-reginae and Androlepis skinneri), a few species or populations
in one tillandsioid genus (Catopsis), a few species of Dyckia, and
Cottendorfia florida. Whatever the advantages of dioecy may be in
these plants, the disadvantages in terms of duplicating rewards to
attract pollinators to male and female organs separately are likely
to be small in these plants, all but one of which have small insectpollinated flowers, presumably driven by selection against large
flowers in arid microsites.
Navioideae – This subfamily is the next rung on the bromeliad
ladder, and includes 107 species, in the large genus Navia and the
small or monotypic genera Brewcaria, Cottendorfia, and Sequencia.
All are endemic to the Guayana Shield, except Cottendorfia, which
is restricted to the Brazilian Shield. All are terrestrials with tough,
non-impounding leaves. Navia is the most species-rich bromeliad
genus in the Guayana Shield, but is ecologically rather stereotyped,
usually growing on rocks and bearing narrow, often spinose leaves;
reproductive plants bear a capitate head of tiny flowers surrounded
by a showy band of white, yellow, orange, or red created when the
leaf bases change color. Most species are endemic to narrow ranges
on individual tepuis. Its diversity appears driven not by adaptive
radiation but by poor dispersal: its unappendaged seeds, with no
obvious means of long-distance dispersal, appear unable to move
substantial distances. Presumably, Navia can thus undergo genetic
differentiation at small spatial scales leading, ultimately, to rapid
speciation and species with narrow ranges. Only a handful of studies
have thus far quantified the spatial scale of gene flow in bromeliads,
which turns out to be quite short in some species of Alcantarea and
Encholirium. The time is ripe for similar studies aimed at Navia.
Pitcairnioideae – The recircumscribed Pitcairnioideae includes
Pitcairnia (387 species), sister to a clade consisting of Fosterella (30
Figure 3 (facing page). Geographic evolution of Bromeliaceae calibrated against geological time
(after Givnish et al. 2011). Present-day distribution of individual species (or genera, for wideranging groups represented by only one or two placeholders) is indicated by colored boxes.
Branch colors indicate the inferred distributions of ancestral taxa under maximum parsimony;
gray indicates ambiguity. Pie diagrams at nodes indicate the inferred ancestral distributions
under Bayesian inference, with width of wedges delimited by black lines showing likelihood of
alternative inferences. Larger pie diagrams displaced northwest of nodes indicate the inferred
ancestral distributions under S-DIVA, with wedges delimited by black lines showing likelihood
of alternative inferences, and a blend of colors within wedges signifying vicariance (a presentday split or disjunct distribution) involving a fusion of two regions represented by those colors.
Analyses involving the possible fusion of more than two areas yield similar results except for a few
backbone nodes.
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Figure 4. Graphical summary of proposed forces shaping the evolution of bromeliad traits
(Givnish et al. 2014). One-way arrows indicate unidirectional causality; two-way arrows, bi-directional causality. While not every trait is expected to affect all others directly, the complex of causal
drivers – many tied to life in fertile montane habitats in the tropics – might indirectly tie together
several traits that are shown as unlinked.

species) and the highly drought-adapted genera Dyckia (130 species),
Encholirium (22 species) and Deuterocohnia (18 species). Pitcairnia
grows from sea level to the high Andes, mainly in the understories
of rain forests and cloud forests, and is marked by broad leaves and
showy, reddish flowers pollinated primarily by hummingbirds. Fosterella occurs at intermediate elevations, and Deuterocohnia grows as
a cushion plant at high elevations in the Andes. Dyckia ranges from
the Andes to the Brazilian Shield, where it overlaps with Encholirium
in arid northeast Brazil. Pitcairnioids are sister to Puya plus the
bromelioids; they are surprisingly uncommon in cultivation.
Puyoideae – Puya (217 species) is centered in the Andes, and
several taxa bear spectacular iridescent flowers and immense terminal inflorescences. Our analysis suggests that Puya consists
of two clades: one composed of mostly Andean species from high
elevations, and a second from low elevations in coastal Chile. More
detailed studies by Jabaily and Sytsma (2013) using hypervariable
AFLP markers indicate that Puya in fact arose at low elevations in
central Chile and then moved progressively northwards into the
Andes, moving fairly recently into the northern Andes via the West
Andean Portal between 3° and 5° S, with substantial speciation and
upward and downward elevational migrations during the Pleistocene. Only a few collections of Puya (e.g., at the Huntington Garden
in Los Angeles) are in cultivation, befitting their large size and need
for strong illumination.
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Figure 5. Evolution of (A) epiphytic vs. terrestrial habit, and (B) CAM vs. C3 photosynthesis (after
Givnish et al. 2014). Colors of branches reflect reconstruction of ancestral character-states using
parsimony; pie-diagrams represent the probabilities of different states at each node under Bayesian inference. Colors of shaded boxes indicate the ancestral distribution of taxa under parsimony,
following Givnish et al. (2011); absence of color shows uncertainty of inferred ancestral region.
The inset map shows the geographic distribution of different regions; note that here, in contrast
to Figure 3, the Atlantic Forest region and coastal mountains of southeast Brazil have been distinguished from the drier, warmer interior portions of the Brazilian Shield. Branch lengths represent
inferred times, keyed by the scales at the bottoms of the figures.
J. Bromeliad Soc. 66(4). 2017.
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Bromelioideae – Finally, the fleshy-fruited bromelioids are sister
to Puya. They involve 33 genera and 856 species. The earliest-divergent bromelioids are all small terrestrial genera, including Fascicularia, Greigia, and Ochagavia from low elevations in southern Chile,
Bromelia from throughout South America, and Deinacanthon from the
Brazilian Shield, followed by Pseudananas and the pineapple genus
Ananas from the Brazilian Shield (Fig. 1). Almost all the remaining
bromelioids, except terrestrial Cryptanthus and Orthophytum, are
epiphytic and most are endemic to Atlantic forests, restingas, and
elevated campos rupestres on the coast and in the mountains of
southeastern Brazil. Bromelioids except pineapple generally have
separate, berry-like fruits; in pineapple, these have become fused to
produce its distinctive compound fruit. Some other bromelioids are
consumed locally for food. Bromelioids involve more genera than any
other bromeliad subfamily; molecular data suggest that some of these
– especially Aechmea – are not monophyletic and are instead bags of
morphologically convergent forms. Georg Zizka and his colleagues are
actively exploring relationships within and among bromelioid genera.
Members of several genera of predominantly epiphytic bromelioids
are widely grown, as are those of terrestrial Cryptanthus.
Historical biogeography of bromeliads
We calibrated our molecular phylogeny for Bromeliaceae against
the ages of several monocot fossils, and then tied this tree to the
distributions of present-day taxa to infer the tempo and geographic
pattern of spread of the family. Here the historical biogeography
of present-day bromeliads and ancestral taxa (Fig. 3) is shown by
branch color based on parsimony (a form of logical inference involving the minimization of changes in distribution); by the colors
of the pie diagrams at each node for Bayesian inference (a kind of
likelihood analysis on repeated, iterative analyses of the data); and
Figure 6 (facing page). Net rates of species diversification (species species-1 My-1) inferred for
different bromeliad lineages using the computer program BAMM; warmer colors indicate faster
rates (unpublished analyses of TJ Givnish, D Spalink, and KJ Sytsma). Height of each triangle is
proportional to the current number of species in each lineage; the position of the left-hand apex
of each triangle indicates when species within the corresponding lineage began diverging from
each other, while the point where each horizontal line joins the vertical riser indicates when the
ancestors of sisters lineages first diverged from each other. Numbers indicate where there were
significant accelerations of net species diversification, in the core tillandsioids primarily in the Andes, and in the core bromelioids in the coastal mountains of southeastern Brazil. Both groups are
composed of epiphytes; the core tillandsioids are, however, sister to Catopsis-Glomeropitcairnia,
which are also epiphytic, while the acceleration of diversification in bromelioids extends slightly
outside the epiphytic lineage to include Cryptanthus and Orthophytum.
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by the larger pie diagrams using the program S-DIVA (which attempts to reconstruct the likelihoods of a given distribution arising
in a lineage via dispersal vs. extinction of populations in intervening
regions in a widespread species). The conclusions reached using
these three approaches are all quite similar (Fig. 3). We used two
different algorithms to calibrate the bromeliad tree against time.
The first, using cross-verified penalized likelihood, implied that the
ancestral bromeliads diverged from the ancestor of other groups in
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Poales 100.5 ± 5.2 million years ago, and that the extant subfamilies
began diverging from each other 19.1 ± 3.4 million years ago (Givnish
et al. 2011). The second, using a Bayesian statistical framework,
places the origin of the Bromeliaceae 97.5 million years ago, and the
time the extant subfamilies began diverging at 22.7 million years ago
(Givnish et al. 2014).
Using the penalized-likelihood framework, our analysis implies
that bromeliads arose in the Guayana Shield (coded in dark blue)
and began spreading beyond this region 15 to 16 million years ago,
into the Andes, Central America, the northern South American coast,
and the Caribbean (Fig. 3). Two major invasions of the Andes, coded
in red, by tillandsioids and by pitcairnioids through bromelioids,
began roughly 14 to 15 million years ago. Hechtia invaded Central
America, coded in yellow, no later than 10 million years ago. Two
major invasions of the Brazilian Shield, coded in light blue, began 12
and 10 million years ago, with Dyckia-Encholirium in the semi-arid
interior and the core bromelioids in the humid Atlantic forest region
along the coast. Pineapples in genus Ananas evolved about 7 million years ago. The core bromelioids – the epiphytic genera found
mostly in Atlantic Brazil – arose roughly 5.7 million years ago (Fig.
3). The ancestor of Pitcairnia feliciana – the only bromeliad known
to occur naturally outside the New World – appears to have arrived
in West Africa via long-distance dispersal no earlier than 10 million
years ago, which rules out continental drift, given that rifting of the
southern Atlantic began 90 million years ago.
Determinants of net species diversification rate in bromeliads
We used our phylogeny to test several hypotheses about how
ecological factors and plant traits might have shaped the distribution
and diversification of bromeliads. We proposed seven hypotheses
(Givnish et al. 2014: see also Fig. 4). First, fertile montane habitats
should favor the evolution of epiphytes, by creating high humidity
and rainfall, low evaporation, and a rich rain of nutrients. Second,
epiphytism should favor the tank habit, absorptive trichomes, and
CAM photosynthesis, to provide and conserve water and nutrients
absent contact with the soil. Tanks should be most effective at capturing moisture and nutrients in fertile, rainy montane habitats.
Tanks, absorptive trichomes, and CAM should, in turn, favor epiphytism. Arid terrestrial sites should also favor CAM. Third, epiphytism
should select for entangling seeds – that is, seeds in fleshy fruits or
with fine plumes – that facilitate attachment to twigs and branches
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Figure 7. Graphical summary of broad-scale adaptive radiation in Bromeliaceae. Colors of
branches indicate growth form, photosynthetic pathway, and/or ecologies of each subfamily or
distinctive lineages therein. Areas of adjacent circles of the same color indicate the relative numbers of species in each group. Background colors summarize the large-scale geographic distributions of these groups (after Givnish et al. 2014). The general association of key functional traits
with particular distributions supports the hypothesis that adaptive divergence and ecological
innovation allowed the invasion of new regions and drove species diversification in bromeliads,
and not that species number within particular lineages drove such divergence and innovation.

of epiphytic hosts. Such seeds should also favor epiphytism and
result in strong dispersal ability. Fourth, cool, wet, montane conditions should select for thermoregulating pollinators, notably hummingbirds in the New World.
Fifth, epiphytism should favor high rates of net species diversification by providing access to an extensive, dynamic, and ecologically
diverse substrate inhabited by few other plants. Sixth, floral coevolution with rapidly radiating hummingbirds with different bill sizes and
shapes should also favor rapid diversification. Seventh, moderately
high dispersal associated with entangling seeds – combined with
life in extensive, topographically complex mountain chains – should
promote high rates of species diversification, by allowing lineages to
disperse down such chains and then diverge and speciate in parallel
at several points simultaneously.
We tested these ideas by mapping the evolution of various traits
J. Bromeliad Soc. 66(4). 2017.
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and ecological conditions onto our phylogeny, and conducting formal
statistical analyses of the inferred rates of speciation, extinction, and
net species diversification associated with different traits, taking
into account the relationships among all bromeliad groups and the
distribution of traits indicated by our molecular tree.
As an example, in Figure 5 we have mapped the rise of two ecologically important traits (indicated by branch color) as a function of
time over the past 20 million years (indicated by horizontal position,
based on Givnish et al. 2014) and biogeographic region (indicated
by background shading). As shown on the left side of Fig. 5, there
were two major origins of epiphytism, in tillandsioids in the Andes
15 million years ago, as the northern Andes began a major uplift;
and in bromelioids in the Brazilian Shield 5.7 million years ago,
when the Serro do Mar and other coastal ranges in southern Brazil
began their uplift. The origins of the tank habit (not shown) largely
paralleled that of epiphytism and the orogenies of the northern Andes
and coastal Brazil.
Entangling seeds arose at the same time as epiphytism and the
tank habit in tillandsioids, and long before either evolved in bromelioids. CAM photosynthesis evolved at least five times, starting 15
million years ago, associated with low CO2 levels in the atmosphere,
general climatic drying, and rain shadows caused by Andean uplift
during the middle Miocene (Fig. 5, right). CAM persisted during the
large radiation of tank epiphytic bromelioids in the coastal mountains
of Brazil, beginning with their major uplift 5.7 million years ago, and
arose sporadically in epiphytic tillandsioids and terrestrial Puya. It
should be noted that, at present, we do not know the extent to which
various bromeliads can shift their photosynthetic pathway between
CAM to C3 as moisture supply varies; such flexibility is known in
some non-bromeliads.
Bird pollination arose at least twice, in tillandsioids and the
pitcairnioid-puyoid-bromelioid clade, in the Andes at about the time
the northern Andes uplifted and the two major clades of Andean
hummingbirds arose. Interestingly, the few origins of bat pollination captured in our sampling arose from bird pollination, mostly at
low elevations. High elevations work against bat pollination, given
the greater evaporative potential of naked wing membranes at lower
temperatures and barometric pressures at higher elevations, and
given the much greater energetic requirements of sugar secretion
to attract bats vs. hummingbirds despite the lower photosynthetic
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capacity of plants at cooler temperatures and higher elevations.
All the predicted associations between plant traits or ecological
conditions (Fig. 4) show significant patterns of correlated evolution,
as expected. The association between epiphytism and the tank habit
was especially strong. In addition, one unexpected correlation – that
of tanks with hummingbird pollination – makes sense after the fact.
Tanks would help attract small insects and could provide an important source of protein for hummingbirds, and might also ensure
adequate fluid for the secretion of the copious amounts of nectar
required to attract hummingbirds.
We found two significant accelerations of the rate of net species
diversification (speciation rate minus extinction rate, in species per
species per million years, or simply put, My-1), in the core tillandsioids
of the Andes, Central America, and the Caribbean, and in tankforming bromelioids and their immediate relatives in the Atlantic
Forest region (Fig. 6). Over time, net diversification rate increased
in the core tillandsioids and decreased from an initially very high
level in the core bromelioids. These unpublished results, based on
analyses by myself and Ken Sytsma using the computer program
BAMM, substantially parallel those of Givnish et al. (2014) using the
program MEDUSA.
Analyses using the computer program BiSSE show that, as we
had predicted, accelerations of speciation are themselves significantly
correlated with epiphytism, the tank habit, hummingbird pollination,
and (especially) life in extensive, nutrient-rich tropical cordilleras,
including the Andes and the coastal mountains of southeastern Brazil (Table 1). The tank-epiphyte clade of bromelioids in the coastal
mountains of Brazil had the highest average rate of net diversification,
1.05 species per species per million years (1.05 My-1), implying that
species within the lineage would double every 660,000 years. Life
in Neotropical mountains is likely to greatly accelerate plant speciation given the many natural barriers to gene flow caused by ridges
and valleys, and to favor the evolution of epiphytism, the tank habit,
and hummingbird pollination, given the abundant rainfall and mist
present and strong selection for thermoregulating pollinators. Given
the analytical procedures currently available, we cannot separate the
relative contributions of montane life, epiphytism per se, the tank
habit, and hummingbirds in driving bromeliad speciation.
The acceleration of net diversification rates by particular traits or
environments is an important feature underlying bromeliad diversity,
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but we must also consider the additive effects of broad-scale radiations on diversity, independent of any changes in diversification rate.
Based on the association of traits with the invasion of particular regions by particular clades in our phylogeny, seven major radiations
appear responsible for generating more than 85% of all bromeliad
species, based on calculations assuming 3140 species across the
family (Givnish et al. 2014; Fig. 7). First, the rise of primarily C3
epiphytes in tillandsioids, shown in dark green, accounts for about
1200 species, mostly in the Andes, Central America, northern South
America, and the Caribbean. Second, the rise of CAM epiphytes in
bromelioids, shown in light green, accounts for about 600 species,
mostly in the mountains of southeastern Brazil. Third, fourth, fifth,
and sixth, the origins of CAM terrestrial plants, shown in red, accounts for roughly 525 species in four clades native to arid portions of
Central America, the Caribbean and north coast of South America, the
Brazilian Shield, and the high Andes. Finally, the rise of broad-leaved
Pitcairnia (shown in blue) in rain- and cloud-forest understories,
generated nearly 400 species, mainly in the Andes. The three clades,
shown in gold, which did not expand outside the ancestral Guayana
Shield, contributed less than 200 species to current diversity. It
is often hard to determine which came first – adaptive radiation or
species diversification. Do clades evolve more ecological strategies
because they evolved more species, or vice versa? Incorporating the
effect of trait evolution on the physiological basis for expansion into
new areas strongly suggests that, in bromeliads, the causal arrow
flies from adaptive divergence to ecological innovation to invading new
regions to species richness. We believe that this kind of approach –
based on testing a priori hypotheses regarding function and range
– might illuminate the evolution of adaptive divergence, geographic
spread, and species diversification in many other groups, and help
make historical biogeography a hypothesis-driven enterprise.
This approach has yielded insights into the adaptive radiation,
geographic spread, and species diversification of the bromeliads that
are unmatched in studies of any other major plant lineage to date.
Our hopes for the future are to quadruple the number of species
sampled – so as to include one in every ten described species – and
sequence hundreds of single-copy nuclear genes and introns per
species, which would allow us to detect hybridization or other forms
of reticulate evolution within the bromeliads and give a far more
detailed picture of bromeliad evolution.
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A new species in the genus Bromelia (Bromeliaceae) endemic to the Cerrado biome of the southwestern region of Bahia State, Brazil.
Eddie Esteves Pereira1, & Eric John Gouda2
Abstract
A new species of the “Bromelia karatas complex”, Bromelia magnifica is described, illustrated, and compared to other related species of this complex. Information on its conservation status is also
provided.
Keywords: Bromelioideae, Conservation, Carinhanha, Bromelia
karatas complex.
Introduction
The family Bromeliaceae has a total 3536 species and 557 infraspecific taxa of which Tillandsia, with over 700 species, is the
largest genus (Gouda et al. cont.updated). Five additional genera
have over 200 species each, and another two genera have well over
100 species each (Gouda et al. cont.updated).
The genus Bromelia contains 70 species and 5 infraspecific taxa
(Gouda et al. cont.updated). Over the last decade 14 new species
have been described from Brazil based on the study of living material.
Because of their large spiny leaves, members of the genus are collected less frequently than other bromeliads and the specimens found
in herbaria are often both incomplete and in very poor condition.
Living material of this new species was collected at the type locality
in September 1987 and has been cultivated in the collection of the
first author, where it flowered regularly from 1992 up to 2011. This
cultivated material was used for this study, and a voucher preserved
for the type specimen was deposited in the herbarium UFG.
1
Author for correspondence, Alameda das Sibipirunas, Qd.16-B, Lt. 02, Condomínio Residencial
Aldeia do Vale. CEP: 74680-510, Goiânia - Goiás, Brazil. Email: cactosbr@terra.com.br
2
Utrecht University Botanic Gardens, Budapestlaan 17, 3584 CD Utrecht, Netherlands. Email:
e.j.gouda@uu.nl
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Figure 1 - Bromelia magnifica flowering in habitat at the type locality. Photo by Eddie Esteves
Pereira.

Figure 2. Close-up of the inflorescence of Bromelia magnifica at the type locality. Photo by Eddie
Esteves Pereira.
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Figure 3. Fruiting specimen of Bromelia magnifica at the type locality. The sharp contrast between
the flattened rosette (including inner leaves) of the fruitng plant and the strongly ascending to
nearly erect inner leaves on the young rosette of the attached offset is highlighted in this photo.
Photo by Eddie Esteves Pereira.

Taxonomy
Bromelia magnifica Esteves & Gouda, spec. nov. (Figs. 1-3)
A species morphologically similar to Bromelia grandiflora, but distinguished from it by smaller floral bracts (4.5 x 1.3 cm vs. 8 x 2 cm),
shorter pedicel (ca. 4-8 mm vs. 14 mm), shorter (22 mm vs. 26 mm
long), ecarinate and serrulate sepals (vs. carinate and entire), less
than half-connate (vs. over half-connate), blue-violet petals, with
slightly divergent blades (vs. red, erect, hardly opening).
Type: - Brazil, Southwest of the Bahia State, Municipality of
Carinhanha by the road to Toca, along the São Francisco River,
dispersed in open Cerrado vegetation, 14°12’51.23”S - 43°43’21.29W,
440 m elev., September 1987, E. Esteves Pereira E-517, fl. cult. in the
collection of E. Esteves Pereira, November 2011 (holotype UFG 4456).
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Description:
Plant terrestrial, before flowering forming an
open rosette approximately 1.15 m high, leaves
at anthesis spreading,
(dropping down) forming
a sub-dense flat rosette of
ca. 34 cm high (see Fig. 3),
up to 2.4 m in diameter at
anthesis (including stem,
Figure 4. Longitudinal cross-section of a Bromelia magleaves and inflorescence),
nifica plant. Photo by Eddie Esteves Pereira.
the leaf-sheaths forming
a stout, sub-globular bulbous structure of ca. 13 cm high, 23 cm
in diameter (Fig. 4), partially sunken in the ground, propagating by
short, stout, basal stolons. Stem erect, ca. 8 cm
long, 4.5 cm thick, hidden
by the imbricate sheaths
(Fig. 4). Leaves to ca. 70
in number; sheaths oblong, ca. 8.7 cm long, 1011.7 cm wide, concave,
at the base on both sides
creamy white, glabrous
and lustrous, the distal
half densely covered with
a coat of long linear golden or dark-brown scales
(Figs. 5, 6D), and with
laxly serrate margins;
blades not constricted at
the base, ca. 120 cm long,
2.3 – 3.7(-4.3) cm wide,
slightly channeled, rigid,
fleshy coriaceous, finely
nerved, long attenuate
to caudate at the apex, Figure 5. Base of Bromelia magnifica plant with lower
green, divergent or the leaf blades cut short to show the long brown hairs on the
inner ones nearly erect, leaf-sheaths. Photo by Eddie Esteves Pereira.
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curved when aging, spreading at anthesis, reddish rose, adaxially
laxly cinereous-lepidote mainly between the nerves, abaxially densely
covered with a coat of appressed cinereous scales; margins laxly and
coarsely spinose, spines 5-35 mm apart, mostly antrorse but retrorse
and larger toward the base, the largest ones ca. 7 mm long, 5 mm

Figure 6. Details of Bromelia magnifica A) lateral view of the inflorescence, and center of the
plant. B) a two-flowered fascicle and primary bract, showings details of the floral bracts. C) one of
the outer bracts surrounding the inflorescence. D) sheath of one of the inner leaves E) 3 flowers.
the one on the right being a longitudinal section. Photos by Eddie Esteves Pereira.
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wide at the base, green
or gray to dark-brown.
Peduncle ca. 4 cm long,
3.5 cm in diameter, hidden by the imbricate leaf
sheath. Inflorescence
subsessile, compound,
fasciculate, broadly capitate (Fig. 6A), 12 cm in
diameter (at fruiting up
to 27 cm diameter), to 9
cm high (including petals), covered with a very
Figure 7. The large and bright yellow fruits of Bromelia
magnifica collected in habitat at the type locality. Photo
dense coat of long linear
by Eddie Esteves Pereira.
dark-brown trichomes,
except for the petals (Fig.
6B-E); primary bracts with sheaths of ca. 8 cm long, ca. 5 cm wide
at the base, margins spinose, the outer ones abruptly caudate with
a narrow-triangular red blade up to 8.5 cm long (Fig. 6C), the inner
ones acuminate to slightly truncate or obtuse (Fig. 6B), abaxially
densely dark-brown lepidote, adaxially glabrous and brown; fascicles
subsessile, 2-4 flowered (Fig. 6B). Floral bracts sublinear, ca. 4.5 cm
long, 1.3 cm wide at the base, much exceeded by the sepals, apex
obtuse, cucullate, margins densely and minutely spinose, abaxially densely brown-tomentose lepidote in distal half, glabrous and
lustrous pale brown or cream toward the base and white at the very
base. Flowers erect, 6.2-7 cm long, pedicellate, pedicels 4-8 mm;
sepals pale brown to cream colored, sublinear, finely sulcate, ca.
22 mm long, 8 mm wide, free, concave, minutely serrulate, obtuse,
abaxially densely brown-tomentose lepidote (Figs. 6B, 6E), adaxially pale brown, glabrous; petals glabrous, fleshy, rigid, linear, up
to 37 mm long, connate for ca. 17 mm and forming a narrow common tube with the filaments, the free lobes 19 mm long, 7 mm wide,
obtuse, slightly cucullate, violet but paler toward the base; stamens
included but clearly visible within the throat of the corolla; filaments
free part ca 10 mm long, at the base ca. 1 mm wide, white to bluish
distally; anthers pale-yellow, erect, linear, ca. 9 mm long, 0.7 mm
wide; ovary sub-cylindrical, trigonous, ca. 15 mm long, 7 mm wide,
densely brown-tomentose lepidote; placentation parietal; epigynous
tube narrow, ca. 4 mm long; style white, slender, ca. 3.2 cm long
(including stigma); stigma lobes ca. 4.5 mm long, apex fringed, white
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Table 1. Comparison of Bromelia magnifica to some close relatives.
Bromelia
magnifica

Bromelia
grandiflora

Bromelia
villosa

Bromelia
karatas

1.2 m

1.5 m

2m

3m

1.25 m

over 1.5 m

2m

1.5-3 m

up to 4.3 cm

ca. 4 cm

ca. 8 cm

3-5 cm

ca. 7 mm

ca. 5 mm

3-5 mm

5-8 mm

inflorescence
indumentum

densely
brown-tomentose

densely brown
tomentose

densely pale
brown lanate

densely
brown
tomentose

floral bract form

Linear

oblong-obovate

very narrowly
spatulate

oblanceolate

4.5 cm

8 cm

---

5.4 cm

1.3 cm

2 cm

---

1 cm

obtuse, cucullate

narrowly
rounded

obtuse

to 8.2 cm
stout ca. 4-8
mm, merging
into the ovary
2.2 cm
minutely
serrulate

ca. 9.2 cm
stout, 15 mm,
merging into
the ovary
2.6 cm

4.5-5 cm

maximum plant
height before
anthesis
leaf blade
length
leaf blade width
marginal spine
length

floral bract
length
floral bract
width
floral bract apex
flower length
length of flower
pedicel
sepal length
sepal margins
sepal apex

obtuse

sepal
characteristics
petal length
petal
characteristics

concave,
ecarinate
to 3.7 cm
convex,
ecarinate
less than
half-connate
slightly
divergent

petal fusion
petal blade
petal color
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blue-violet

narrowly
rounded,
apiculate
6-9 cm

slender

short and
stout

1.7 cm

3 cm

entire

---

---

slightly narrowed toward
apex,

obtuse

acute or
apiculate

carinate

ecarinate

---

ca. 3.8 cm

---

strongly convex

---

to 4 cm
carinate for
over 2 cm

over halfconnate
erect, nearly
not opening

12 mm
connate

red

divergent
white or
purple

--erect, nearly
not opening
rose with
white base
and margins
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Figure 8. Comparison of Bromelia
magnifica and some of its relatives.

A) flowering specimen of B. magnifica showings the violet, erect petals
with tips only slightly divergent and
the dark brown indumentum found
within the inflorescence.

B) flowering specimen of Bromelia
grandiflora, showing the erect, red
petals with tips barely separating.
The petals have thin white margins.
This species also has a brown indumentum in the inflorescence.

C) flowering specimen of Bromelia
villosa, showing the purple-bluish
color dominating the petals and the
wide bands of much-paler color at
the tips of the petals and the base
of the floral tube. Petal tips are
strongly spread. A cream colored
villous indument is found in the
inflorescence.
Photos by Eddie Esteves Pereira.

Fruit bright dark-yellow at maturity (Fig. 7), with a coat of browntomentose trichomes, ca. 8.3 cm long, 3.8 cm diameter, with the
flower parts persistent; seeds oblong, slightly oblique, 5-7 mm long,
6-7 mm wide, slightly flattened, castaneous, slightly rugose.
J. Bromeliad Soc. 66(4). 2017.
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Figure 9. Bromelia magnifica in cultivation at full anthesis. Photo by Eddie Esteves Pereira.

Observations
Bromelia magnifica belongs to the “Bromelia karatas complex”
with B. karatas Linnaeus (1753: 285) as the most widespread species, growing from Mexico, the Caribbean, Central and northern
South America (Monteiro & Forzza 2016). This complex consists
of large species with coarsely toothed linear leaves that will spread
at anthesis, to expose a capitate/corymbose inflorescence, sunk in
the center of the rosette. This new species is compared to Bromelia
karatas, B. grandiflora Mez (1919: 3) and B. villosa Mez (1902: 3)
in Table 1. Photographs of inflorescences show some of the striking
differences between living plants of B. magnifica, B. grandiflora and
B. villosa (Fig. 8)
Etymology
The Latin word “magnifica” means “great” and refers to the nice
shape of this magnificent plant (Fig. 9).
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Habitat, distribution and conservation
This new species occurs in scattered habitats in open areas of
the Cerrado biome, in a region where the agriculture is expanding
quickly, converting extensive areas of native Cerrado vegetation into
fields of mainly grain and soy beans. This could become a severe
threat for the populations of this new species.
Acknowledgements.
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In Memory of Francisco Oliva Esteva
José M. Manzanares
Friends and members
of the BSI were shocked
and saddened to hear of
the death of Francisco
Oliva Esteva on June 18,
2016. He was 83 years
old.
Oliva Esteva was born
on August 21, 1932, in
Gava, Spain, a town located 22 km from Barcelona, near Castelldefels.
His father Francisco Oliva
Cervera and his mother
Mercedes Esteva Reig,
emigrated to Venezuela
when Francisco was a
young man. He was married to Heddy Becerra and
had a daughter, Elisenda.
It was in Venezuela
that he was educated,
grew and developed his
passion for bromeliads.
Figure 1. Oliva Esteva photographing Pitcairnia sodiroi on
He received education at
the Quito-Chiriboga highway, province of Pichincha on
the School of Plastic and
August 8, 2004. Photo by José Manzanares.
Applied Arts of Caracas
(1948-1952). Subsequently with a scholarship awarded by the government he studied Architecture at the Massachusetts Institute of
Technology (M.I.T), where he graduated as a Landscape Architect
(1954-1957). In 1955 he received an award for being the best student in Architectural Design. He continued his studies in Landscape
Architecture at Rhode Island School of Design in the U.S.A (19571959). During his professional career he continued his studies in
Urban Architecture at Yale University, in the U.S.A.
After completing his studies in 1960 he returned to Venezuela
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Figure 2. Two Spanish adventurers from the province of Barcelona, Spain, looking for bromeliads
in Ecuador. The picture shows us with Pitcairnia nigra on the Quito-Chiriboga highway, province
of Pichincha on August 8, 2004. Photo by Pablo Manzanares.
J. Bromeliad Soc. 66(4). 2017.

237

IN MEMORIAM

Francisco Oliva Esteva

where he enrolled in the
Venezuelan Engineers
Association and founded
the Venezuelan Society of
Architects and was one
of the founding partners
of the Venezuelan Society
of Landscape Architects.
A lover of bromeliads,
he traveled throughout
Venezuela photographing
and discovering species in
their habitat. His passion
for plants was not confined to bromeliads, as he
also studied other plants
such as trees, tropical
plants and garden plants.
His publications were numerous, including:
Árboles
Ornamentales y Otras
Plantas del Trópico
(1969)
12 Árboles de Venezuela (1970)

Figure 3. Oliva Esteva posing with Gregbrownia lymansmithii, on the road Calacali-Nanegalito, July 3, 2004.
Photo by José Manzanares.

Plantas de los Jardines de Venezuela (1981)
Garden Plants of the Tropics (Venezuela) (1986)
Mountain Plants of Venezuela the Coastal Range, the Andes
and the Tepuis: Bromeliads (2006)
His principal work was as professor of technical and geometric
drawing in the Institute of Design at the Newman Foundation in Caracas and as a Landscape Architect in the Public Ministry. He also
worked in the Ministry of Urban Development, creating landscape
designs for numerous parks, recreational and tourist areas, monuments, plazas and other areas. These included: La Isla Park, Merida,
1969 and the Central Park (La Vereda) of the Urdaneta in Maracaibo,
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1971. His was a life full of
projects that brought the
beauty of nature to the
cities.
In addition, he collaborated on scientific
articles together with Professors Gilberto Morillo
and Benito Briceño of the
Universidad de Los Andes
(ULA):
Bromeliaceae de los
Páramos y Subpáramos
Andinos Venezolanos
(2009. Acta Botanica Venezuelica 32(1): 179-225
And in the publication
of the following species of
bromeliads:

Figure 4. Tillandsia franciscoi. Wild. Cerro La Cerbatana,
1200 m alt. Northeastern Sucre State, Venezuela. Photo
by B. Manara.

Aechmea aquilega forma alba Oliva-Esteva
Tillandsia santieusebii Morillo & Oliva-Esteva
Lutheria splendens v a r . chlorostachya (Oliva-Esteva) Barfuss
& W. Till

But the greatest contribution in his publications is embodied in
the Bromeliaceae family. The first book on this family was published
in 1987.
Bromeliaceae of Venezuela with Julian Steyermark (1987), 397
pages
I did not know Oliva Esteva in Barcelona, Spain, where we were
both born. I met him in the world of bromeliads, when he published
his first book in 1987. I was fascinated by the book and it was an
inspiration for me to begin my own study of bromeliads. In particuJ. Bromeliad Soc. 66(4). 2017.
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Figure 5. The first three books dedicated to the Bromeliaceae family.. Photo by José Manzanares.

lar, I was amazed at the diversity of species of bromeliads found on
the tepuis in Venezuela, and the great diversity of species in the
Bromeliaceae family. It is very interesting that both of us were born
in Barcelona, but we did not know each other then, yet both of us
wound up studying bromeliads.
He published a large number of books showing professionals and
hobbyists the wonderful plants belonging to the Bromeliaceae family. Especially noteworthy are the photographs of species that grow
in the Venezuelan Tepuis. Many of these were the first pictures ever
published of these species in flower.
The following are his publications in order of their year of publication:
Bromeliads (2000) 464 pages
Bromeliaceae III (2002) 274 pages
Mountain Plants of Venezuela the Coastal range, the Andes
and the Tepuis: Bromeliads (2006) 339 pages
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Such laborious and detailed work did not go unnoticed by botanists, and he was immortalized by the dedication in his honor of the
following species of bromeliads:
Lindmania oliva-estevae Steyermark & L.B. Smith ex B. Holst
Pitcairnia oliva-estevae J.R. Grant
Tillandsia franciscoi W. Till & J.R. Grant
He was a good friend of mine, and of many other people. We will
miss him immensely. May he rest in peace.
Much of the material on his early life came from a memorial prepared by his colleagues in Caracas. You may find this memorial (in
Spanish) along with additional photos at: http://botanicaenvenezuela.blogspot.com/2016/07/nota-de-duelo-fallece-el-bromeliologo.
html
The author thanks Jerry Raack for his kindness in translating
the manuscript from Spanish into English, and thanks Eric Gouda
for providing the high resolution photo of Tillandsia franciscoi.
[Editor’s notes: José Manzares and the memorial written by Francisco’s colleagues in Caracas used the spelling Esteva in his name.
In some of the books he published, his name is spelled Francisco
Oliva Esteve. I am ignorant of the reason for difference in spellings.]
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Grace Goode OAM and BSI Honorary Trustee
Peter Cook
Gracie Margaret Evans was born on the 23 July 1917 at Nambour.
She was the middle child of five born to Arthur Henry Evans (18911970) and Ivy Ida Foxover (Oberfuchshuber) (1892-1970).
Her early years were spent on the Maroochy River near Dunethin
Rock (her beloved “Dunny Rock”) She married Albert Connor, in Nambour on 18 December 1935. Their daughter Gayle was born in 1937.
In the early 1940s she lived at Cotton Tree, then moved to Brisbane where she met her future husband Cliff Goode. They married
in 1945.
By 1956 they had bought the house in Kate Street, Alexandra
Headland, Qld. where Grace still lives. She was always a gardener,roses, carnations, dahlias, orchids - all sorts of flowers. By 1970 she
had discovered the love of her life – bromeliads.
This started when Grace was introduced to bromeliads by her
mother who gave her a plant later identified by Olwen Ferris as Billbergia pyramidalis concolor. Grace was well into her 50’s when she
was introduced to bromeliads and her only regret is that she hadn’t

Grace being presented with the Order of Australia Medal in 2004
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Grace with our other Life Member Bob Paulsen ( Dec’d)

found out about them earlier. One can only imagine the list of plants
to her name had she had an earlier start.
Within a few years she was traveling to conferences around the
world, and became a well known hybridist. For all the work she did
she was awarded the Order of Australia Medal (OAM) in the 2004
Australia Day Awards.
Several articles on Grace’s involvement in the bromeliad world
have been written in the past and these are still very relevant. One
such article was written by Bob Reilly (with the help of Geoff Lawn
and Derek Butcher) when Grace was awarded the OAM. This article
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was published in
the BSI Journal
(Volume 54 (1):
1-48).
It is well worth
repeating this article for the benefit of the newcomers to the
Bromeliad world,
so that they can
recognise where
the name “Grace”
initiated in the
many plants that
One of the many rugs create by Grace Goode over the years
are now worldwide and most probably in their own collection. [See text of that
article below.]
Recently we had the privilege of Grace attending “Sunny Broms
“The 19th Australasian Bromeliad Conference”, here on the Sunshine
Coast.
Our delegates appreciated her efforts to make an appearance at
the Conference and gave her a standing ovation as she departed.
She really enjoyed meeting up with some of her old acquaintances. We believe that at the age of 99 years and 9 months she kept
her friend, Patricia up until near midnight with the odd drink of Port
and some good jokes.
Another of her pastimes
was rug making. She started
in the late 1940s and was
selling them at “Finneys” (a
department store) in Brisbane. It is not known how
many she made, must have
been hundreds. All magnificent.
Rug donated to the Sunny Broms auction by Grace
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Grace Goode in her garden, surrounded by a profusion of bromeliads.

that Grace has been generous in contributing to fund raising efforts
for other societies and conferences. She continued this support recently by donating one of her hand made rugs to Sunny Broms for
the Auction.
After some fierce bidding among delegates, the rug was eventually sold to Len Trevor of “The Olive Branch” for AU$450.00. Grace is
happy that it is going to a good home within the Bromeliad Family.
We really appreciated the effort made by Grace to attend our
Sunny Broms Conference and her generous donation.
Today, she has slowed down; time has taken its toll. She tries,
but has difficulty keeping the garden in shape, luckily Kendall helps
out on a weekly basis, but the job is too big for a mere mortal!
Her wit and humour are still there, though she tends to forget
the punch line to her many famous jokes. She can still get around
her house, insists on staying put, and hopes to live out her life in
Kate Street.
Grace had a nasty fall on Anzac Day (25th April) and was in hospital till 6 May. She has broken her cheekbone in 3 places and fractured vertebrae. She’s home alone, but you know Grace, just wants
J. Bromeliad Soc. 66(4). 2017.
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to sit in the sunshine on her verandah and look out on her garden.
Compiled by Peter Cook, Sunshine Coast Bromeliad Society Inc.
with input by Leonie Neil ( Grace’s niece), Geoff Lawn and Doug Cross.
[ The following text is reprinted from the Journal of the Bromeliad
Society 54(1): 34-36. 2004. ]

Grace M. Goode, Order of Australia Medal Recipient
Bob Reilly
Grace Goode, an honorary trustee of the Bromeliad Society International (BSI), was awarded Order of Australia Medal (OAM), by
the Australian Government, on 26 January 2004. The medal was
awarded for Grace’s efforts in growing and hybridising bromeliads.
Such an award has never been made in connection with bromeliads
before, and is very rarely made for any horticultural-related activity.
The IIlawarra Bromeliad Society initiated the process for obtaining the Award for Grace, and sought the support of other Australian
bromeliad societies for this endeavour. Many Australian bromeliad
growers helped in preparng the extensive documentation needed to
support Grace’s nomination.
The OAM is the latest recognition of Grace’s efforts in growing and, in particular, hybridising bromeliads. For example,
Grace is also an honorary trustee of The Cryptanthus Society and has been elected a life member of the Bromeliad Society of Australia, Cairns Bromeliad Society, Bromeliad Society
or Queensland, and the Sunshine Coast Bromeliad Society.
Most people know Grace through her hybrids. She started hybridising
in the early 1970s, largely in response to the very limited number of
bromeliads available then in Australia. Initially, she concentrated on
neoregelias. Some of her earlier hybrids are: ‘Sheer Joy’, ‘Little Joy’,
‘Blackie’, ‘Red Plate’ and the well known ‘Amazing Grace’. Her best
known hybrid is probably ‘Charm’ which is a cross between Neoregelia
marmorata and N. chlorosticta. As a matter or interest, Grace considers ‘Charm’ is exactly the plant she was trying to produce from this
cross, as it combines the form (conformation) of N. marmorata and
the colouration of N. chlorosticta.
Another major area of hybridisation activity has been with cryptanthus. Some of her early hybrids are: ‘Misty Charm’, ‘Misty Dawn’,
‘Misty Glow’, and ‘Misty Flame.’ Bob Whitman brought many of
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Grace’s Cryptanthus hybrids to the United States
of America (USA). They
included: ‘Melanie’, ’Seven Veils’, ‘BIack Mood’,
‘Hells Bells’ and ‘Spellbound’. She also sent hybrid Cryptanthus seed to
the USA, from which have
been produced plants
such as: ‘Fond Memory’,
‘Happy Thoughts’, ‘Texas
Star’ and ‘Crown Jewels’.
Grace has produced
over 800 named hybrids.
As well as Neoregelia and
Cryptanthus hybrids, she
has produced Aechmea,
Neoregelia ‘Lavish’
Billbergia, Nidularium,
and Tillandsia hybrids.
She has also made several bigeneric hybrids, with perhaps the best
ones being X Niduregelia ‘Something Special’ and ‘Vision Splendid’.
At 86 years old, Grace is still actively producing hybrids. Recent
outstanding Neoregelia hybrids include: ‘Amen’, ‘Africa’, ‘Alley Cat’,
‘Mandela’ and ‘One and Only’. Grace has been generous with financial and other contributions (such as her hand-made rugs used as
raffle prizes), to help fund
activities such as conferences, undertaken by various Australian and overseas bromeliad societies.
From my viewpoint
though, I consider one or
Grace’s greatest contributions over the last 30
years to be the support
and friendship she has
given (and continues to
give) to bromeliad growNeoregelia ‘Because’
ers throughout the world.
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Many Australian collectors, including myself, started their bromeliad (especially Neoregelia) collections with plants and advice from
Grace. On behalf of the many people bitten with the bromeliad “bug”,
I thank Grace for her past efforts, and wish her many more productive years to come.
Acknowledgements
I wish to thank Derek Butcher and Geoff Lawn for their help in
preparing this.

Bromeliad hybrids named by Grace Goode and
hybrids named in her honour by others
							Geoff Lawn

Searching the BSI Register to find entries relating to
Grace Goode
Go to the online BCR home page: http://registry.bsi.org
For a full list of
Grace Goode’s registered cultivars. Click
on Advanced Search:
at top (2nd. from left).
In the breeder box, type
in Goode. Below that,
the software has a default setting of quantity
500, so override that by
clicking, under “Max
Results”, the radio button of 1500. Then click
on “Search”. Up come
722 cultivars (list 1),
each entry of which
can be clicked upon for
full details. It is known
that many more, possibly several hundred,
remain unregistered as
Neoregelia ‘Homage’
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Neoregelia ‘Shep’

it all became too hard for Grace in her latter breeding years (up
to about age 85), particularly mini Neos. Grace did send me
a long list of new mini Neos
around 2005, with parentages, and we have been working
on them ever since, trying to
locate specimen photographs
to get them registered. Often
during her breeding years,
other growers registered on
her behalf, as Grace was not
computer-savvy and electronic details became the way to
go, no longer snail mail and
postcard prints.
For a list of cultivars
named after her
On the BCR home page,
lower half, there is the general
Neoregelia ‘Sweet Reward’
Search. In the Box, type in
J. Bromeliad Soc. 66(4). 2017.
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Grace, then click on “name”, then click on Search--up come
35 cultivar names (list 2). Not all are actually “named after”
Grace--on occasions we had to resolve duplicated cultivar name
issues by different breeders with different crosses, so prefixing
with “Grace’s” Or “Goode’s” resolved the problems. Some other
registered hybrids with the word “Grace” in them were named
for different reasons, not after Grace Goode.
A few more cultivars are found by substituting the word
Goode in place of Grace---up come 30 names (list 3).
Of course, there will be a lot of overlap between the Lists 1,
2, & 3, particularly between 2 & 3. A few Grace simply named
on behalf of her friend the late George Anderson of New Orleans
who bred them. The BCR software doesn’t make the distinction between breeder and cultivar namer, both appear in the
same data field.
If you want to find out who specifically named their hybrid,
or an unknown hybrid after Grace, I have run through all
entries in lists 2 & 3 and have come up with :
Aechmea ‘Grace’s Blue’--Derek Butcher
Alcantarea ‘Grace’--Arno King
Billbergia ‘Super Grace’ --Clyde Wasley
Cryptanthus ‘Grace’--Fred Sparrow
Cryptanthus ‘Grace Goode’--Doug Cross
Neoregelia ‘Airs and Graces’--Arnold James
Neoregelia ‘Bob & Grace’--Robert Larnach
Neoregelia ‘Goode for Grace’ --R. L Frazier
Neoregelia ‘Grace Goode’--Olwen Ferris.
Neoregelia’ Grace Goode Girl’--Shane Zaghini
Vriesea ‘Grace Goode OAM’--Jack Koning.
There are several other cultivars named after Grace Goode,
but the namers are unknown:
Billbergia ‘Grace Goode’
Billbergia ‘Magic Grace’
Neoregelia ‘Golden Grace’
Vriesea ‘Grace Goode’
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A new species of Tillandsia (Bromeliaceae)
from the South of Ecuador
José M. Manzanares1 & Eric Gouda2
Abstract
A new species of Tillandsia subgenus Pseudovriesea from the
Province of Loja, Ecuador, closely related to T. drewii L.B. Sm.,
is described and illustrated here. It can easily be distinguished
from this species by its short primary bracts, that do not cover
the spikes.
Key words: Taxonomy, Tillandsioideae, Pseudovriesea, Loja
Se describe e ilustra una nueva especie de Tillandsia subgénero Pseudovriesea de la provincia de Loja, Ecuador. Está
estrechamente relacionada con T. drewii L.B. Sm. Se distingue
fácilmente con esta especie por las brácteas primarias más cortas, las que no llegan a cubrir las espigas.
Palabras claves: Taxonomy, Tillandsioideae, Pseudovriesea,
Loja
Introduction
Tillandsia is the largest genus in the Bromeliaceae, with
679 species (Gouda et al. continuously updated). The newly
circumscribed subgenus Pseudovriesea Barfuss & W.Till (2016),
typified by Tillandsia tequendamae André (1888), includes 28
species that were considered to belong to Vriesea for a long time
(Smith & Downs 1974) because they have basal petal scales
(ligulae), but were transferred to Tillandsia by Grant (1993).
Almost 34 years ago (in 1983), the first author collected this
new Tillandsia species for the first time, around Saraguro, in
the province of Loja, in a remnant of Andean forest. (Figs. 1,
2) with a pendent inflorescence with reddish-orange bracts and
green flowers. The petals don’t have appendages. Unfortunately,
the dried specimen (voucher) was lost so it was impossible to
describe the new species at that time.
We had to wait many years, until 19 June 2015 when we refound the plant. In June 2015, both authors made a trip around
1
Herbario Nacional (QCNE), Sección Botánica del Museo Ecuatoriano de Ciencias Naturales del
Instituto Nacional de Biodiversidad, Quito, Ecuador, Casilla Postal 17-09-7518, Quito, Ecuador.
Email: jose_manzanares@icloud.com

University Utrecht Botanical Gardens, Budapestlaan 17, 3584 CD Utrecht, The Netherlands.
Email: e.j.gouda@uu.nl
2
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Ecuador with Jerry Raack, and on the agenda was the search for
this extraordinary plant.
In a remnant of the Andean forest we had the luck to find this
beautiful plant, at a site close to the original locality, with its magnificent reddish-orange pendent inflorescence again. Unfortunately,
it was just past the process of anthesis (flowers had already closed
and begun to shrivel).
Tillandsia hansonii Manzanares & Gouda, sp. nov. (Figs. 1-4)
Diagnosis
This new species is closely related to Tillandsia drewii L.B. Sm.,
but differs from it by the longer inflorescence, 17 cm long and reddish-orange (vs. 12 cm long, pale red); primary-bracts 3.5 cm long,
shorter than the branches (vs. 10 cm long, equaling the branches);
floral-bracts 3 cm long (vs. 6 cm long); sepals 1.6 cm long, free (vs.
4.8 cm long, very short connate); petals 4 cm long, without petal
scales (vs. 12 cm long, with 2 large acute petal scales at base) .
Type:— Ecuador: province of Loja, road Loja-Oña, 03º52´S
79º15´W, alt. 2657 m, 19 June 2015, J.M. Manzanares, E.Gouda &
J.Raack 8495 (holotype: ECUAMZ).
Plant 30 cm long, 10.5 cm wide, with a pendent inflorescence. Foliage
numerous, forming a large utriculate to ovoid pseudobulb. Leavessheaths 8 cm long, 7.2 cm wide, ample, inflated, merging into the
blades, covered with brown appressed scales. Leaves-blades 10 cm
long, 1-1.5 cm wide at the base, spreading, narrowly triangular, attenuate, densely appressed lepidote, cinereous-green. Inflorescence
17 cm long (exclusive of the petals), 4.5 cm wide, upper part recurving downward and open with divergent spikes, lower part pendent,
dense and ellipsoid, once branched of 10-12 spikes, reddish-orange.
Peduncle 8 cm long, 0.5 wide, shorter than the leaves, suberect or
slightly curved, completely hidden. Peduncle-bracts 5-8 cm long,
0.4 cm wide, erect, densely imbricate, densely appressed lepidote,
cinereous-green, lower part ovate with attenuate blade. Primarybracts 3.5 cm long, 2.2 cm wide, elliptic, ecarinate, the lower ones
with a long attenuate apex and the upper ones short acuminate,
much shorter than the spike, reddish-orange. Spikes stipitate,
with a stipe 1.5 cm long, white-flocculose, 4-6 cm long, 2 cm wide,
strongly complanate, lanceolate, acute, densely 5-7 flowered, rachis
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Figure 1. An early collection ofTillandsia hansonii Manzanares & Gouda, flowering in a remnant of
Andean forest close to Saraguro in 1983. Photo by: José M. Manzanares.
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Figure 2. Detail of the inflorescence of Tillandsia hansonii Manzanares & Gouda from the early
collection in 1983. Photo by José M. Manzanares.
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Figure 3. Details of Tillandsia hansonii flowers. A. flower bract. B. Sepal. C. stamens and pistil. D.
flower with petals. Drawing by José M. Manzanares.

white-flocculose, with a few sterile bracts at the apex. Floral-bracts
3 cm long, 0.8 cm wide, lanceolate, acuminate, cucullate, strongly
carinate especially at the apex, exceeding the sepals, not covering
the rachis, nerved, adaxially glabrous, abaxially sparsely lepidote,
reddish-orange. Flowers distichous, short pedicelate, green. Sepals
1.6-2 cm long, 0.5 cm wide, lanceolate, apiculate, free, nerved, adaxially glabrous, abaxially sparsely lepidote, green, the adaxial ones
strongly carinate. Corolla tubular with spreading lobes. Petals 4 cm
long, linear-oblong, apex acute. Stamen 3.5 cm long, equaling the
petals; anthers 0.5 cm long. Ovary 0.4 cm long; style slender, 3 cm
long; stigma 0.5 cm long, conduplicate-spiral, exserted.
Distribution
Ecuador: Province de Loja.
Etymology
The name of this new species honors Jon Hanson (1953- ) from
Salt lake City Utah, U.S.A. Jon has been studying and growing bromeliads for over 40 years. Raised and educated in Southern California, became member of the Saddleback Valley Bromeliad Society, a
BSI Affiliate, in 1983. He went on to hold many positions within the
society including the position of President. In 2011 he started BroJ. Bromeliad Soc. 66(4). 2017.
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meliad Paradise in Naples, Florida, a Bromeliad nursery with more
than 1000 varieties.
Comments
This beautiful Tillandsia belongs to the subgenus Pseudovriesea, but lacks the appendages (nectar scales) on the petal base that
are typical in the subgenus Pseudovriesea. There are other species
in this group that also lack the petal appendages. For example, in
some populations of Tillandsia incurva Griseb., another member of
the subgenus Pseudovriesea, petal appendages are present while in
other populations plants can be found without these appendages
(Gouda 1987).
This new species can also be confused with T. cernua L.B. Sm.,
but is distinguished by the following characteristics: plant 30 cm
long including the inflorescence (vs. 70 cm long); peduncle 8 cm,
decurved (vs. 50 cm long, first erect with the upper third decurved);
primary-bracts 3.5 cm long, shorter than the spikes (vs. 9-10 cm
long, nearly equaling the spikes); floral-bracts 3 cm long (vs. 8 cm
long); sepals 1.6 cm long, free (vs. 2.7 cm long, very short connate).
T. cernua L.B. Sm. can be found in the Andean forest in the province
of Azuay, from Cuenca to Oña. T. hansonii can by found only in the
Andean forest of the province of Loja, close to Saraguro.
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Figure 4. The pictured plant was used to prepare the type specimen forTillandsia hansonii Manzanares & Gouda. It was collected in 2015 along the Loja-Oña road in remnant Andean forest.
Photo by José M. Manzanares.
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[Editor’s notes: It is not uncommon for a species with a wide distribution to be discovered independently by different researchers.
Often, the plants are found to be identical only after being described
under two different names. In the case of Tillandsia hansonii, the
species is sufficiently distinctive that it could be recognized as
the same species from photographs taken at the widely separated
collection sites. Of course, official recognition of any proposal to
recognize a new plant species is governed by a set of rules currently
known as the International Code of Nomenclature for algae, fungi
and plants (Melbourne Code).
As noted in the article above, the species was first seen and photographed in Ecuador by José Manzanares in 1983. Due to an
unfortunate loss of specimens, Jose was unable to complete the
steps to officially propose the species. During a field trip through
Ecuador in 2015, José and his companions found the species
again and obtained the specimens needed to complete the official
description in this article.
As seen in the following article, Julio Betancur discovered the same
species in Colombia, recognized it as undescribed and described
it informally and without a proposed name in 2001. This means
the name proposed in the article above will be the first to be published both validly and effectively.]
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A record for the newly described species
Tillandsia hansonii (Bromeliaceae) in Bogotá,
including initial field studies from Colombia
Adriana Pico-V.1 & Manuel Gastelbondo2
Introduction
In Colombia, Betancur (2016) lists 543 species of Bromeliaceae
with 204 of these (37.6% of the total) being endemic. A large number of these species (153 or 28.2% of the total) are considered to be
threatened or endangered, with some possibly already extinct (Betancur & García 2006, MADS 2014).
An unnamed species of Tillandsia from Colombia – the subject
of this note - was found in the municipality of Subachoque, Department of Cundinamarca in 2001 (Departamento Administrativo del
Medio Ambiente –DAMA-, 2001) and again in 2015 (Pico-V. 2016).
The species is an epiphyte with a water-holding tank and all leaf
surfaces are covered by a dense layer of gray trichomes, giving it the
appearance of an atmospheric Tillandsia. The species was partially
described (as Vriesea sp. nov.) by Dr. Julio Betancur of the National
University of Colombia, but was never formally published (Betancur,
personal communication). The partial description published by DAMA
(2001) follows: “Epífita, de 44 a 48 cm de altura. Hojas arrosetadas de
26 a 35 cm de largo, sin pseudopeciolo; lepidotas en ambas superficies, triangulares, de margen entera. Inflorescencia terminal, visible,
péndula de 25 a 28 cm de largo, bipinnada, raquis oculto. Brácteas
florales imbricadas con carina de 65 mm de largo, más largas que los
sépalos, rojas, tomentosas, de ápice recto y margen entera. Flores con
pedicelo de 2 a 3 mm de largo, dísticas. Sépalos simétricos de 50 mm
de largo, todos libres, todos sin carina. Pétalos de 95 mm de largo con
la base crema y el ápice verde limón, con lígula. It is distributed in the
humid forests of municipality of Cogua and “The Tablazo” mountain.
It has preference for canopy and forest edges”.
This species differs from other Colombian species in having a pendulous inflorescence, bright salmon primary bracts that completely
1
2
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cover the inflorescence branches
and light green petals that contrast strongly with the bracts.
The same species was actually
found in Ecuador in 1983, but was
not published until this year (Manzanares and Gouda, J. Bromeliad
Soc. 66(4): 237). Only the type
locality was cited for the distribution in the original description.
This paper provides some results
from a field study of the plants
found in the two known Colombian
populations.
Record of a new locality for the
species in Colombia and a description of the Bogotá habitat

Figure 1. Mature plant of Tillandsia hansonii
from the Bogotá population in November
2016. Photo by Manuel Gastelbondo, November 2016.

A second Colombian population of this species was discovered
in September 2016 in the “Cerros
Orientales” of Bogotá (4°57´31.5˝
N, 74°02´41.3˝, 2947 msnm). We
reached the new population from

Figure 2. Adriana Pico and Manuel Gastelbondo in the Eucalyptus forest where a
population of Tilllandsia hansonii was found in the Cerros Orientales of Bogotá.
Photo by Manuel Gastelbondo, Nov 2016.
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the urban area of Bogotá,
walking up the mountain
for approximately 25 minutes from Avenida Circunvalar, between Calle 80
and Calle 90. The habitat
was forest with a mixture
of native and exotic species, containing mature
trees of eucalyptus (Eucalyptus globulus Labill.,
The Plant List (2013)) having trunks up to 40 cm in
diameter.
In the “Cerros Orientales” of Bogotá, four
separate plants of the Tillandsia were found. One
specimen in flower was
brought into the living
collection of the Botanical
Garden of Bogotá (Jardín
Botánico de Bogotá – JBB) Figure 3. General view from the “Cerros Orientales”, in
the area, between Calle 80 and Calle 90 in the city of
and the inflorescence was Bogotá, where Tillandsia hansonii was found. Photo by
used to prepare a voucher Manuel Gastelbondo, Nov. 2016.
specimen (JBB, APICO
1078). Three additional
vegetative specimens with rosettes up to 45 cm in diameter were
seen. All of these plants were found growing on the trunks of the
eucalyptus, between 20 and 150 cm above the ground and all leaning away from the trunk of the host at an angle from 80° to 90°. All
were growing in semi-shaded conditions. Other exotic trees commonly found in the high Andes areas around Bogotá, such as pine
trees (Pinus patula Schiede ex Schltdl. & Cham.), pine candelabro
(Pinus radiata D. Don), acacia negra (Acacia decurrens Willd.) and
acacia japonesa (Acacia melanoxylon R.Br.) were also present in
the area where the Tillandsia population was found. In addition,
some small native trees such as tunos (Miconia spp.) and Cucharo
colorado (Myrsine guianensis (Aubl.) Kuntze) were also present (The
Plant List 2013).
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Figure 4. Two mature rosettes of Tillandsia hansonii in the municipality of Subachoque,
Department of Cundinamarca, growing on the trunk of the aliso (Alnus acuminata). The light
green petals are very easy to see from a long distance. Also in the photo, the Botanist Gustavo Morales of the JBB. Photo by Adriana Pico-V., July 2013.
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Habitat of the population in Subachoque (Cundinamarca)
The original Colombian population was found in the Department of Cundinamarca, municipality of Subachoque (4°57´8.6˝ N,
74°5.7´8.8˝ W, 2998 msnm), 2.5 hours from Bogotá by car. In 2001,
2003 and 2013, live plants of the new Tillandsia species were collected
in the municipality of Subachoque for the living collection at Botanical Garden of Bogotá. These collections allowed the establishment of
an ex situ population (JBB 2015; Pico-V. 2002, 2015 & 2016). The
population of T. hansonii in Subachoque lives in the trees along the
border of an exposed road, and in trees bordering commercial pastureland (Pico-V. 2014 & 2016). Dominant phorophytes in the site
are the native trees aliso (Alnus acuminata Kunth) and encenillos
(Weinmannia tomentosa L.f.) The bromeliads are found along trunks
and branches between 1.3 and 6 m above the ground. The rosettes
occur in small groups (2-5 individuals per group) and lean outward
from their supports at an angle of 25° to 90°.

Figure 5. Mature plant of Tillandsia hansonii in the municipality of Subachoque, Department of
Cundinamarca. You can see an offset growing from a basal leaf axil of the flowering plant. Photo
by Adriana Pico-V., July 2013.
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The presence of such widely separated populations (Colombia
and Ecuador) suggests that many more populations of this species
should be found as the Andean vegetation becomes better known.
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[Editor’s Notes: Description of a new species is only the first step
towards understanding the interactions of the plant with its environment, including neighboring plants, and its role in the natural
world. Field observations are required to take further steps, and
this article is a perfect example.
Seemingly simple characteristics such as number of plants, plant
size and plant distribution within a population are not known until someone goes out into the field to count, measure and record
the information. These basic observations lead to further questions. If the population is dense, is it because of high seed set? If
there is high seed set, is it because pollinators are abundant? If
pollinators are abundant, is it because a rich food source is available? Following such strings of questions ultimately leads to a
detailed understanding of how the plant survives.
It should come as no surprise that the information needed to design a workable conservation plan can only come from such field
observations. After all, you cannot predict, based on the morphology of a plant, whether pollinators will be aundant or rare.
Yet, if rare pollinators are limiting the potential for an endangered
population to replace itself, you need to have a plan to boost the
numbers of pollinators if you want to help the plant.
Of course, it is interesting in itself to discover the various ways
plants adapt to their surrounding, and there is nothing wrong
with studying a subject simply because it is interesting.]
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Orthophytum saxicola (Ule) L. B. Smith
Derek Butcher & Eric Gouda
In ‘Misnamed Bromeliads, No. 5; Orthophytum saxicola’ (Luther
1989), Harry Luther went to great lengths to explain that we were
mainly growing the variety aloiifolia because all seemed to have
a short scapose inflorescence. There was a plant with a sessile
inflorescence in cultivation called ‘Huntington’ but this seems
to be so rare we do not have a photograph in the Bromeliad
Cultivar Register.
Recent field-work by Oscar Ribeiro and Rafael Louzada among
wild populations in Brazil has shown that the same clumps of
this species can have green or brown leaves and variation in the
length of the scape/peduncle. It therefore seems unnecessary
to retain the variety aloiifolia. All specimens of this species in
cultivation should be labelled Orthophytum saxicola. The cultivar name remains in case the scapeless clone is found in some
forgotten garden collection.
Literature cited
Luther H E 1989. Journal of the Bromeliad Society 39: 251.
Smith, L. B. and Downs, R. J.1979. Bromeliaceae (Bromelioideae)
Flora Neotropica Monograph 14: 1493-2142.

An open flower on a cultivated specimen of Orthophytum saxicola. Remnants of previous days
flowers can also be seen near the right and bottom edges. Photo by Eric Gouda.
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A wild population of Orthophytum
saxicola near Tanquino, in Bahia
State (Estado Bahia), Brazil with
green-leaved and red-leaved
plants growing together. Photo by
Rafael Louzada.

A wild population of green-leaved
Orthophytum saxicola with mainly
scapose inflorescences share a
small pocket of soil on a barren
rock face with a cactus and a few
other rock-loving species. Photo
by Oscar Ribiero of Bromeliario
Imperialis.

IN THE GARDEN

Submarine Spiders
Graeme Barclay
Did you know that some spiders are swimmers? After moving to
our native bush-clad property in Titirangi, Auckland, New Zealand
almost five years ago, I have observed a number of different spiders
in the bush and also quickly inhabiting the bromeliads that moved
in with me. One of these spiders is the common Nurseryweb spider,
Dolomedes minor, that is indigenous to New Zealand. They can grow
quite large with a leg span of 6-7cm (approximately 3 inches) and
have a distinctive black, brown and tan coloured striped abdomen.
They also seem to enjoy sitting in the throat of bromeliads, espeJ. Bromeliad Soc. 66(4). 2017.
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Figure 1. The New Zealand Nurseryweb Spider, Dolomedes minor, guarding her home
aboard the leaves of Neoregelia ‘Skotak’s Tiger’ x ‘Rainbow Carcharodon’. Photo by
Graeme Barclay.
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Figure 2 (left). Spider carrying
her white egg sac in the throat of
Vriesea ‘Philip Foster Red’. Photo
by Graeme Barclay.

Figure 3. Spider still fully submerged after eight minutes in the tank of Vriesea ‘Philip Foster Red’.
The head of the spider is deep in the water, and even the egg sac she is carrying is beneath the
water’s surface. Photo by Graeme Barclay.
J. Bromeliad Soc. 66(4). 2017.
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Figure 4. Mother spider guarding her newly hatched spiderlings still within the web on
a Neoregelia ‘Skotak’s Tiger’ hybrid. Photo by Graeme Barclay.
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cially the large foliage
vriesea and Neorergelia
carcharodon plants that
have erect leaves, forming
a tight vase.
One day when I was
attempting to photograph
a large spider up close on
a bromeliad, it promptly
shot straight down into
the cup water to escape.
She was obviously quite
Figure 5. Typical spider habitat, the erect crateriform leaf
camera shy, but the interblades of Neoregelia carcharodon and hybrids, creates an
ideal protective home and location for building nursery
esting thing was I waited
webs. Photo by Graeme Barclay.
five minutes and she did
not come back up for air ! Being somewhat amazed and intrigued by
this, I did some research and learnt these spiders often catch their
prey by “running” across water and can also completely submerge
themselves for short periods. They trap air amongst special hairs
around their body so they can breathe underwater. This fact seems to
suggest these spiders may actually be the similar species Dolomedes
aquaticus, which as the name depicts, lives and hunts around water
(we also have a riparian bush stream). However, of the approximately
300 species in this spider family, Dolomedes minor is the only species
endemic to New Zealand and is much more common, therefore it is
likely that it also possesses the ability to swim and submerge itself.
These spiders are nocturnal hunters of both live and dead insects
and worms and do not make their web for predatory use. Clearly visible in the photos, clutched tightly in the spider’s fangs, is the white
egg sac that she carries for at least five weeks. She will then make
a “nursery web”, normally around the twigs or leaves of a nearby
tree or shrub, where she will deposit and guard the egg sac until the
spiderlings hatch a week or so later. It seems the mother spiders I
have are also very quick learners, as they now often prefer the vertical
Neoregelia carcharodon leaves to create their nursery. The slightly
concave profile of the leaf tip provides a perfect depression for the
protective web to be constructed over the eggs.
[Editor’s Note: The spider genus Dolomedes is widely distributed
with several species found in the eastern United States. All are
known as ‘fishing spiders’ because they are completely at home
on the water and are known to catch small fish on occasion. ]
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Marcel Lecoufle (1913-2016)
Albert Roguenant & Eric Gouda
Marcel Lecoufle was
born in October 1913
in Boissy Saint Léger,
France. He was the son of
Maurice Etienne Lecoufle
and Henriette Lecoufle
- Née Vacherot. He was
raised in a family of commercial Orchid growers,
whose nursery (“Vacherot
& Lecoufle”) was founded
in 1886 by his grandfather. His father died in
1914, at the beginning of
the war, leaving Henriette alone to manage the
company.
In 1948 Marcel left the
family business to found
his own company “Marcel
Lecoufle Orchids” so he
could grow a wider variety
of tropical plants. Passionate about orchids and
other tropical plants - and
an indefatigable traveler,
Marcel Lecoufle with his wife Suzanne in 1990.
he traveled the world in
search of rare species: South America, Asia, Africa, and especially
Madagascar. He built a collection of thousands of species in 4675
square meters of greenhouses, which was maintained with the help
of about thirty employees. His collection became known throughout
the world of Orchid lovers and growers. In the early days he created
many orchid hybrids, perhaps more than 2000. The company ceased
operations in 2011.

During his long career, he received numerous
international awards in the field of horticulture.
He was also the author of many books. His first book, Exotic Orchids,
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published in 1981, gave Orchid collectors a sound basis for the
culture of these precious plants. In 2011, he published “The Orchids
of Madagascar” with Jean Bosser, the fundamental book that treats
400 species. The last work he participated in was “Les Broméliacées”,
an overview of the family of Bromeliaceae in French, written with
Albert Roguenant and Aline Raynal-Roques, which appeared in 2016
(see Journal of the Bromeliad Society 65(4): 274 for a review).
He also liked to grow carnivorous plants and bromeliads and
became a member of the BSI in 1953 [this was mentioned in the
Journal 3(1-2): 10], 3 years after the society started. He became an
honorary BSI trustee in 1968. He wrote some articles for the Journal
in 1985 and 1996 and was mentioned and credited in the Journal
many times - particularly for photographs he contributed. For more
information on his life and work, see the autobiographical article
published in the Journal of the Bromeliad Society 62(3): 113-118.
Marcel left us on December 13, 2016, at 103 years old, deeply
mourned by his family and his many friends.

Marcel Lecoufle (right) visiting Mulford Foster (left) in Orlando during a trip through the United
States in 1966 with his son-in-law. (Henri Bert). He visited many tropical plant nurseries during
this trip including all of the large bromeliad collections in the country.
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How bromeliads obtain and use water
David H. Benzing
“Water water everywhere but not a single drop to drink” laments
the proverbial shipwrecked mariner. A sizable portion of the plant
kingdom representing both its wild and its domesticated members
could just as reasonably voice this same plea because they too face
death by dehydration. Family Bromeliaceae is especially noteworthy
in this respect because more than half of its approximately 3400
species experience at least intermittent life-threatening drought.
How they counter this challenge—in effect how they balance water
supply with demand—is what this article is all about.
Plants rely on their surroundings to provide what they need to
grow. To satisfy these requirements most species deploy well-developed root systems to extract nitrogen and the 10 or so additional
so-called mineral nutrients from soil: moisture typically comes from
the same source. Meanwhile, a chlorophyll-provisioned upright shoot
collects sunlight and carbon dioxide (CO2) for photosynthesis. In essence, different parts (organs) of their bodies are tasked to acquire
different resources from different locations.
More than half of the bromeliads obtain at least some of what
they require for growth in ways and from sources that differ from
those just described. Instead they engage in life styles that oblige
securing one or more essential substances from less conventional
supplies. The epiphytes and lithophytes (plants that grow on other
plants and rocks, respectively) tap several alternatives, and one
needn’t be a botanist to recognize that staving off lethal desiccation
most powerfully challenges their survival.
How a plant maintains life-sustaining water balance involves
two steps, the first being uptake from the environment, and its use
is step number two. Each presents its own set of challenges. A few
minutes spent mastering the facts itemized below will prepare you
for what follows.
A plant absorbs during its lifetime many fold the volume of water
present in its body at maturity.
The preceding statement applies because only a tiny fraction of
a plant’s lifetime water budget is actually built into the dry matter
that makes up its leaves, stems, flowers and so on (more accurately
David H. Benzing, Oberlin College.

274

J. Bromeliad Soc. 66(4). 2017.

SCIENCE FOR GROWERS

How Bromeliads obtain and use water

Figure 1. A schematic illustration of how CO2 and water vapor diffuse in
opposite directions between the interior of a leaf and the adjacent air
mass. Black circles represent CO2 molecules and the open ones those of
water vapor. The thick arrow represents transpiration and the thin one
oriented in the opposite direction the uptake of CO2. Figure by David
Benzing.

into their constituent cellulose, protein, etc. molecules).
The remaining water escapes as vapor back into the environment
and mostly through open stomata (Fig. 1).
Moisture returned to the atmosphere in this fashion represents
a price that a plant must pay to obtain CO2 for photosynthesis.
Paying this price to conduct photosynthesis is unavoidable because the diffusion gradients that cause CO2 and water vapor to
move between plant and adjacent air favor water loss via a process
called transpiration. Carbon dioxide moves in concert with water
vapor, but less massively because its concentration in outdoor air is
J. Bromeliad Soc. 66(4). 2017.
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quite low (~0.04% by volume) and even lower inside an illuminated
leaf where it’s being consumed (Fig. 1). By contrast the air inside a
leaf is always saturated with H2O vapor (relative humidity = 100%;
water vapor deficit = 0), while the water vapor deficit in adjacent air
is usually quite high the atmosphere being capable of holding lots
of it and all the more the higher its temperature.
No bromeliad can hydrate itself from humid air, not even an
atmospheric type with its abundant absorbing scales (trichomes).
Water-saturated air prevents transpiration, but because the atmosphere usually is less than fully saturated regular contact with liquid
water is necessary for survival.
Entries #4-5 explain why the cost in expended water of capturing CO2 is so high and accordingly, why anything that reduces the
transpiration ratio (units of water expended per unit of dry matter
produced) elevates a plant’s water use efficiency, reduces its demand
for moisture, and heightens its drought tolerance.
Almost for certain the evolutionary antecedents of modern Bromeliaceae were terrestrial and shared the form, function, and type of
water relations exhibited by members of genus Pitcairnia. In other
words, the family’s ancestors, like a substantial portion of its current
membership, possessed the same distinct shoot-root differentiation and associated separations of “foraging” functions previously
described. Moreover, they drew upon at least moderately plentiful
supplies of moisture.
Roughly 15-20 million years ago, and particularly during the
most recent 1.5-2.5 million years (the Pleistocene Epoch), growing
conditions across much of tropical America underwent what Earth
scientists consider epic change. Climates became harsher in part
owing to vigorous mountain building especially in what today is the
area occupied by the northern Andean cordillera. A planet-wide cooling trend that had begun somewhat earlier accentuated the impacts
of these regional events. Some of the affected flora responded with
bursts of evolution and speciation, which means that they underwent
substantial adaptive radiations.
In what ways did the ancestors of modern Bromeliaceae respond
to these habitat-altering changes that both tested the resilience of
long-established genotypes and favored evolution of new ones? Why
did only certain of the then existing lineages adopt life styles that
heretofore hadn’t been achieved and then spawn hundreds of species adapted to take advantage of them? Stocks that responded most
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robustly include the antecedents of the clades currently comprised
of Aechmea, Cryptanthus, and Neoregelia along with many additional
genera and “core” Tillandsioideae. Single genera (e.g., Navia and
Puya) circumscribe less expansive, but still impressive radiations.
One factor that contributed to the family’s explosive radiation
is obvious: extraordinary architectural malleability. What had to
operate beginning 15-20 million years ago was a genetically based
development program (the program that controls an organism’s ontogeny) able to massively alter the family’s basic body plan. It was this
potential—responding to and guided by Darwinian (natural) selection—that explains the emergence of leafy catchments and tiny foliar
appendages able to replace roots for all but their anchorage function.
Flowers, fruits and seeds, in contrast, remained essentially static.
Structural fluidity has left its mark elsewhere although on a
finer scale than exhibited by the gross reorganization of the entire

Figure 2. The biochemistry of C3 and CAM-type photosynthesis: note that a CAM-equipped
bromeliad must metabolize some of the carbohydrate left over from the previous day in order to
muster the energy it needs to dark-fix more CO2 into malic acid the following night. CAM works
because less energy is required to synthesize malic acid than the same amount of glucose. Figure
by David Benzing.
J. Bromeliad Soc. 66(4). 2017.
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bromeliad body plan. For example, open arid habitats tend to host
family members (e.g., many Billbergia species) equipped with narrow,
steep sided tanks well configured to retard evaporation and avoid
sunscald. Species that produce shallower, broader impoundments
(e.g., many Vriesea and Neoregelia species) prefer humid forests that
subject their resident epiphytes and understory herbs to dense rains
of nutrient-laden litter and canopy-filtered sunlight best utilized by
horizontally oriented thin foliage.
The presence on leaves of the minute, umbrella shaped scales
already mentioned also allowed transference of formerly root-based
functions to shoots. Capacity to dispense with roots entirely, and
consequently free up for reallocation the resource formerly invested
in them, is most pronounced among the densely scale-invested atmospheric tillandsias some of which, if further equipped with long
narrow foliage (e.g., T. tectorum), survive in nature largely on dew or
condensed mist. The bromeliad scale occurs in bewildering variety
(density, shape, size, wettability). Fine-tuning no doubt accounts for
this, but to what advantage for the affected plants and under what
circumstances we still don’t know.
So far this article has emphasized structure, but what about function? Textbooks say that structure and function always go together,
kind of like mom and apple pie. And it’s true here too: most definitely
something more than bizarrely modified body parts and switched
roles helps the most structurally divergent of the bromeliads match
demand for moisture with its availability. It’s about photosynthesis,
the most fundamental of all botanical activities. So how can the way
a plant makes its food influence how it accommodates its demand
for moisture with its water supply?
The toughest problem facing any plant living on land is its need
to achieve an affordable transpiration ratio and the drier the habitat
the lower this number must be. How they do this requires structure
that is not only tightly compatible with carbon gain (a function) but
also with when during the 24-hour day-night cycle this process operates. However, high water use efficiency isn’t always the primary
determinant of success because plants that can afford to be profligate
water users almost always are. It’s a botanical paradox: achieving
material economy is one of nature’s most pervasive themes so what
explains this glaring exception? There’s a compelling reason as we
shall see below.
Photosynthesis—the condensation or fixation of CO2 during the
synthesis of the sugar glucose—being energized by light, operates
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by day only, and this poses difficulties because it’s daytime when
temperatures peak, relative humidity falls, and water vapor deficits
soar. Yet the transpiration ratios achieved by the bromeliads range
from about 50:1 to more than 1000:1. This greater than 20 fold difference is puzzling unless you know that although all green plants
make glucose some can also fix CO2 into other organic molecules and
do so in the dark! Of interest to us is the fact that bromeliads fix CO2
via two distinct biochemical pathways; one of which distinguishes

Figure 3. Contrasting patterns of CO2 and water vapor exchange during a 24-hour day-night
cycle by a C3-type and a CAM-type bromeliad. The upper panel shows how the C3-type subject
expends a substantial amount of water over the course of the day as it gains carbon, while at night
transpiration falls to near zero and some dark-respired CO2 leaks out even though its stomata are
closed. Most of the water expended by the CAM-type bromeliad pictured in the panel below
occurs after dark when its stomata are open and CO2 is being absorbed. The relative amounts
of CO2 and water being exchanged by these two plants are not drawn to scale. Figure by David
Benzing.
J. Bromeliad Soc. 66(4). 2017.
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C3- and the second CAM-type photosynthesis (hence the designations
C3- and CAM-type bromeliads). In reality CAM is simply an augmented
version of the more ancient light-driven C3 mechanism (Fig. 2).
Plants that conduct C3-type photosynthesis account for the vast
majority of the higher plants, and among the bromeliads, for the thin
leafed, soil-rooted species that dominate genera such as Fosterella
and Pitcarinia. Soft bodied, tank equipped members of subfamily Tillandsioideae that comprise genera such as Catopsis, Guzmania and
Vriesea employ this mechanism too. So equipped (or encumbered!),
they pay a high price to acquire CO2. More precisely, they experience
poor water use efficiencies because their transpiration ratios fall at
the upper end of the range cited above.
Figure 3 illustrates the diurnal patterns traced by CO2 and water
vapor as they diffuse in and out of the foliage of a C3-type bromeliad.
Note that transpiration speeds up in the morning and falls toward
dusk while the course followed by incoming CO2 is reversed, mirroring the availability of the solar energy required to fix it into glucose
inside the leaf. Some respired CO2 leaks out at night, but during
the day it, along with additional CO2 acquired from the atmosphere,
ends up as glucose. Although the stomata of C3-type plants remain
closed overnight, transpiration continues but at a far slower pace
than during the day.
Judging from the way that the C3-type plant monitored in Fig. 4
performs, anything that could reverse the interval during which it
absorbs CO2 would reduce its transpiration ratio. CAM-type plants
accomplish exactly this by fixing CO2 from the atmosphere at night
(Fig. 3). However, malic acid rather than glucose is the product, and
molecules of the former chemical compound contain too little energy
usable for plant growth. Fortunately for the CAM-type plant, the CO2
incorporated into malic acid is released into the leaf interior after
sunrise and fixed again but this time into higher energy-containing
glucose molecules.
CAM-equipped plants contain colorless, expandable tissue inside
their foliage or stems, and often in quantities sufficient to warrant
labels respectively as leaf and stem succulents. The cells that make
up this tissue serve two vital functions: they allow storage of excess
moisture for later use to keep more desiccation-sensitive green tissues fully hydrated during droughts and similarly as a place to temporarily sequester malic acid synthesized at night. Having daytime
access behind closed stomata to a rich supply of CO2 generated by
breaking down a store of dark-fixed malic acid permits the CAM-type
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plant to synthesize glucose at reduced cost in expended moisture.
But here’s where the previously mentioned paradox—what amounts
to a functional tradeoff—comes into play.
A CAM-equipped bromeliad’s capacity to dark-fix CO2 into a
supply of malic acid is modest and by extension so is its ability to
generate enough glucose to match the vigor of a C3-type competitor,
assuming that everything else that could influence the outcome of
such a hypothetical contest is identical. A typical grey Tillandsia
demonstrates this handicap by requiring several years or more to
progress from seed to flower, a long time compared, for example,
to a typical Pitcairnia. Things could be worse however: slow growth
imposed by CAM-type photosynthesis would be a far greater liability
were its practitioner’s survival more dependent on its capacity to
outcompete aggressive (fast-growing) neighbors than survive drought.
Figure 4 illustrates how the bromeliads segregate among a series
of categories established by botanists to recognize that plants that
live on land differ by how they obtain and use water. Included are
key attributes that influence water balance. The drought-avoiders,
members of the smallest category, and ignored until now, warrant
their designation because they shed their foliage preparatory to
the arrival of seasonally dry weather (e,g., Pitcairnia heterophylla).
Drought-deciduous more precisely describes xerophytes that employ this method to shut down transpiration—and photosynthesis
of course—until more humid conditions return.
Figure 4 further reveals that a majority of the bromeliads are
either drought-enduring, CAM-equipped xerophytes (dry growing
plants) or mesophytes (C3-types, relatively heavy water users), the
latter probably including the family’s most recent ancestors and the
extant (living) species deemed most primitive by basal positions in
DNA based phylogenies. Even so, C3-type photosynthesis is sustainable in aerial habitats (e.g., soft leafed Tillandsioideae) if an associated leafy reservoir remains at least partially filled most of the year
or the hosting woodland is an ever-wet one. Quite a few species fall
between water balance categories. Guzmania monostachia, for example, switches between C3 and CAM-type photosynthesis depending
on how water stressed.
The drought-enduring bromeliads, unlike the drought-avoiding
types, remain active year around. They manage to do this during the
driest months by curtailing transpiration, which they accomplish
by lapsing from CAM-type photosynthesis into a less productive
process called CAM-idling. Metabolism continues after this tranJ. Bromeliad Soc. 66(4). 2017.
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Figure 4. The water balance strategies practiced by bromeliads. The sizes of the circles approximate the numbers of species that qualify for each designation, and the arrows the evolutionary
pathways most often followed as ancestors evolved from one category to another. Also included are plant characteristics that influence water balance and define the membership of each
category. A significant number of bromeliads possess characteristics that place them between
categories. Figure by David Benzing.
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sition although at a much slower rate owing to a stress-imposed,
deeply depressed capacity to conduct photosynthesis. What little
energy is needed to stay alive is obtained by recycling respired CO2
behind stomata closed for the duration. Although forced into this
semi-dormant state by extended drought they nevertheless remain
poised, within hours following rehydration, to resume fully restored
metabolism including full-blown photosynthesis.
It should be obvious by now that neither a bromeliad’s structure
or function relative to its modes of carbon gain or water balance or
its taxonomic position within its family rigidly determine where it can
grow. The epiphytes and lithophytes include C3 and CAM-equipped
members of subfamily Tillandsioideae and nearly entire subfamily
Bromelioideae practice CAM regardless of whether epiphytic, rock
dwelling or terrestrial. Some shade loving species—the exceptions—
appear to have returned to C3-type photosynthesis. In the final analysis, what counts beyond climate and substrate are the subject’s own
qualities that influence variables such as its access to moisture and
its transpiration ratio.
It hasn’t been possible in these few pages to cover everything
worth knowing about how the bromeliads manage to thrive within
limits imposed by often scarce and erratic supplies of moisture. And
no mention at all was made of some related oddities such as the fact
that too much water will kill members of species equipped with dense
covers of hydrophilic (eminently wetable) foliar scales. And finally,
there’s the most important subject of all: how are the bromeliads still
out there in nature going to react as our planet continues to warm?
All we can do in this instance is wait and see. In the meantime, rest
assured that, armed with what is addressed in this article, you are
better prepared than ever to grow bromeliads for fun and profit.
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Stealthy Stolons

When the root-ball of this Sincoraea heleniceae clone began to lift out of the pot for no obvious
reason, an investigation was in order. As the now loose root-ball was lifted out, it became apparent
that several stolons had been produced. These stolons grew down into the soil, and were not visible
on the top surface. Once they reached the bottom of the pot they turned and began to grow

horizontally between the bottom of the root-ball and the pot. With the increasing number and
size of these stolons, separation of the plant from the pot was inevitable. In order to preserve the
potential offsets, the plant was repotted on a layer of new soil to accommodate stolon growth. In
time, the stolons will emerge from the soil and produce their offspring.
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Events Calendar

1-3 December 2017: CALOOSAHATCHEE BROMELIAD
SOCIETY. Sale and Show “Gardens of the Galaxy”. ARABA
SHRINE TEMPLE - 2010 Hanson Street Fort Myers, Fl
33901. Friday: .Show and Sale open to Judges and Workers;
Saturday 9AM-4PM: Show and Sale open to the public; Sunday 10AM-3PM: Show and Sale open to public. Betty Prevatt
bprevattpcc@aol.com
17-18 February 2018: BROMELIAD SOCIETY of NEW ZEALAND INC, annual ‘Fiesta’ Show & Sale.
489 Dominion Road, Mt. Eden, Auckland, New Zealand,
9am-3pm, $5 entry, all welcome.
24-25 March 2018: BROMELIAD SOCIETY OF SOUTH
FLORIDA, 40th Annual Show and Sale. Fairchild Tropical
Botanic Garden, Coral Gables, Florida. 9:30am to 4:30pm
both days.
29 May - 3 June 2018. World Bromeliad Conference, San
Diego. Visit the Conference Corner page on the BSI website
(www/bsi.org) for the latest information and updates.
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